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Description

[0001] The present invention relates to the use of nucleic acid molecules, preferably genomic sequences, encoding
an ATP-gated ion channel P2X7R which contain a mutation in the 5’UTR or 3’UTR regions, a mutation in exon 3, 5, 6,
8 or 13 or in introns 1, 3, 4, 5, 6, 7, 9, 11 or 12 or a deletion in exon 13, for the preparation of a diagnostic preparation
which allows to diagnose affective disorders. The invention further relates to the use of polypeptides encoded by said
nucleic acid molecules vectors and host cells comprising said nucleic acid molecules and antibodies specifically directed
to polypeptides encoded by said nucleic acid molecules and aptamers specifically binding said nucleic acid molecules
for the preparation of a diagnostic composition for the detection of an affective disorder.
Additionally, primers for selectively amplifying said nucleic acid molecules are used for the preparation of a diagnostic
composition for the detection of an affective disorder. Moreover, diagnostic compositions comprising said nucleic acid
molecules, vectors, polypeptides, aptamers, antibodies and/or primers for use in diagnosis of an affective disorder are
provided. Moreover, the present invention relates to methods for diagnosing affective disorders associated with a non-
functional P2X7R protein, an altered ATP-gating of the P2X7R protein, an underexpression of the P2X7R protein or
associated with the presence of any one of the aforementioned nucleic acid molecules or polypeptides encoded thereby.
[0002] Up to 10% of persons visiting a physician are afflicted with an affective disorder (also known as behavioural
disorder, mood disorder). Nonetheless, most cases remain undiagnosed or inadequately treated. Affective disorders
include among others, depression, anxiety, and bipolar disorder. These diseases are well described in the literature;
see, forexample, Diagnosticand StatisticalManualof Mental Disorders-4th EditionText Revision (DMS-IV-TR),American
Psychiatric Press, 2000.
Depression, also known as unipolar affective disorder, is characterized by a combination of symptoms such as lowered
mood, loss of energy, loss of interest, feeling of physical illness, poor concentration, altered appetite, altered sleep and
a slowing down of physical and mental functions resulting in a relentless feeling of hopelessness, helplessness, guilt,
and anxiety. The primary subtypes of this disease are major depression, dysthymia (milder depression), and atypical
depression. Other important forms of depression are premenstrual dysphoric disorder and seasonal affective disorder.
Present treatment of depression consists of psychotherapy, antidepressant drugs, or a combination of both. Most anti-
depressive drugs target the transport of the neurotransmitters serotonin and/or norepinephrine, or the activity of the
enzyme monoamine oxidase. They include: Selective serotonin-reuptake inhibitors (e.g., fluoxetine, paroxetine, sertra-
line, fluvoxamine), tricyclic antidepressants (e.g., amitriptyline, imipramine, desipramine, nortriptyline), monoamine ox-
idase inhibitors (e.g., phenelzine, isocarboxazid, tranylcypromine), and designer antidepressants such as mirtazapine,
reboxetine, nefazodone. However, all existing antidepressive drugs possess shortcomings such as long latency until
response, high degree of non-responders and undesirable side effects (Holsboer, Biol. Psychol. 57 (2001), 47-65).
Therefore, a need exists in the medical community for new antidepressive drugs with improved pharmacological profile
(Baldwin, Hum. Psychopharmacol. Clin. Exp. 16 (2001), S93-S99).
Anxiety disorders are defined by an excessive or inappropriate aroused state
characterized by feelings of apprehension, uncertainty, or fear. They are classified according to the severity and duration
of their symptoms and specific affective -characteristics.- Categories include: (1) Generalized anxiety disorder, (2) panic
disorder, (3) phobias, (4) obsessive-compulsive disorder, (5) post-traumatic stress disorder, and (6) separation anxiety
disorder. The standard treatment for most anxiety disorders is a combination of cognitive-behavioural therapy with
antidepressant medication. Additional medications include benzodiazepines and buspirone.
[0003] Bipolar disorder, also known as manic-depression, is characterized by mood swings between periods of mania
(i.e. mood elevation including exaggerated euphoria, irritability) and periods of depression. Bipolar disorder is classified
according to the severity of the symptoms. Patients diagnosed with bipolar disorder type I suffer from manic or mixed
episodes with or without major depression. In Bipolar Disorder type II, patients have episodes of hypomania and episodes
of major depression. With hypomania the symptoms of mania (euphoria or irritability) appear in milder forms and are of
shorter duration. The current drugs used to treat bipolar disorders are lithium, valproate and lamotrigine, which stimulates
the release of the neurotransmitter glutamate. As with antidepressive drugs, they take weeks to become effective and
can result in undesirable side effects, for example, high levels of lithium in the blood can be fatal.
Compelling evidence suggest that affective disorders are biological diseases. However, there are no laboratory tests or
other procedures that a common physician can use to make a definitive diagnosis. Instead, a specially trained physician
or psychiatrist must diagnose the illness based on a group of symptoms that occur together. This process is often time
consuming and laborious requiring several visits for the physician to perform a careful history of the symptoms that the
patient is currently experiencing as well as any symptoms he or she has had in the past. Therefore, an easy and effective
method for the accurate diagnosis of affective disorders is of high interest to the medical community (Wittchen et al., J.
Clin. Psychiatry 62, suppl. 26 (2001), 23-28).
Most patients afflicted with affective disorders have family antecedents and identical twins studies suggest a strong
genetic component. For example, genetic mapping on an isolated population of the central valley of Costa Rica suggests
a locus for severe bipolar disorder at chromosome 18q22-q23 (Freimer et al., Nature Genetics 12 (1996), 436-441).
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Moreover, genetic studies performed on the Old Order Amish population suggest that genes on chromosomes 6, 13,
and 15 may contribute to the susceptibility of bipolar affective disorder (Ginns et al., Nature Genetics 12 (1996), 431-435).
Recently, a genome-wide search in a homogenous population found in the Saguenay/Lac-St-Jean region of Quebec
suggests the presence of a major locus for bipolar disorder on chromosome 12q23-q24 (Morissette et al., Am. J. Med.
Genet. (Neuropsychiatr. Genet.) 88 (1999), 567-587). Susceptibility loci on chromosomes 5 and 21 were also found in
this study. Other groups report minimal evidence for linkage in the region of 12q23 (Kelsoe et al., Proc. Natl. Acad. Sci.
USA 98 (2001), 585-590; Sklar, Annu. Rev. Genomics Hum. Genet. 3 (2002), 371-413). Given the various loci mentioned
in the above studies (e.g., links to chromosomes 5, 6, 12, 13, 15, 18, 21), a definite genetic link for affective diseases
remains to be found.
[0004] Thus, although several genes have been assumed to be linked with affective disorders as mentioned herein-
above, however, no clear correlation has so far been shown. Since no well-suited medication nor diagnosis on a molecular
level for affective disorders is available, there is a need for identifying a gene whose mutations cause the whole spectrum
of affective disorders as well as for providing medicaments and methods for diagnosis and treatment of affective disorders.
[0005] Thus, the technical problem underlying the present invention is to provide means and methods for diagnosing
affective disorders.
[0006] The solution to said technical problem is achieved by providing the embodiments characterized in the claims.
[0007] Accordingly, the present invention relates to a use of a (i) nucleic acid molecule comprising a nucleic acid
sequence selected from the group consisting of:
(a) a genomic nucleotide sequence encoding an ATP-gated ion channel P2X7R and which contains a mutation in the
5’UTR region corresponding to position 532, 1100, 1122, 1171 or 1702 of -the genomic sequence of the wild-type ATP-
gated ion channel P2X7R as depicted in SEQ ID NO: 1, wherein at said position said nucleotide is replaced by another
nucleotide;
(b) a nucleic acid sequence encoding a polypeptide which has an amino acid sequence of the ATP-gated ion channel
P2X7R, wherein in the exon as indicated in column "Exon" of the following Table A the amino acid residue as indicated
in column "Amino acid residue" of Table A corresponding to the position as indicated in column "Position in wild-type"
of Table A of the wild-type ATP-gated ion channel P2X7R amino acid sequence as depicted in SEQ ID NO: 3 or 4 is
replaced by another amino acid residue

(c) a nucleotide sequence encoding an ATP-gated ion channel P2X7R and which contains a mutation in exon 5 or 8
corresponding to position 32548 or position 37633 of the wild-type ATP-gated ion channel P2X7R nucleotide sequence
as depicted in SEQ ID NO: 1, wherein at said position said nucleotide is replaced by another nucleotide
(d) a nucleic acid sequence encoding a polypeptide which has an amino acid sequence of an ATP-gated ion channel
P2X7R, wherein amino acids corresponding to positions 488 to 494 of the wild-type ATP-gated ion channel P2X7R as
depicted in SEQ ID NO: 3 or 4 are deleted;
(e) a genomic nucleotide sequence encoding an ATP-gated ion channel P2X7R, wherein in the intron as indicated in
column "Intron" of the following Table B the nucleotide as indicated in column "Replaced nucleotide" of Table B cor-
responding to the position as indicated in column "Position in wild-type" of Table B of the wild-type ATP-gated ion
channel P2X7R nucleotide sequence as depicted in SEQ ID NO: 1 is replaced by another nucleotide

Table A

Exon Amino acid residue Position in wild-type

exon 3 R (Arg) 117

exon 5 G (Gly) 150

exon 6 E (Glu) 186

exon 6 L (Leu) 191

exon 8 R (Arg) 270

exon 13 I (Ile) 568

exon 13 R (Arg) 578

Table B

Intron REPLACED NUCLEOTIDE Position in wild-type

intron 1 G 3166
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(f) a genomic nucleotide sequence encoding an ATP-gated ion channel P2X7R and which contains a mutation in the
3’UTR region corresponding to position 55169, 55170, 55171, 55917 or 54925 of the wild-type ATP-gated ion channel
P2X7R nucleotide sequence as depicted in SEQ ID NO: 1, wherein at said position said nucleotide is replaced by
another nucleotide;
(g) a nucleotide sequence comprising at least 20 or 21 nucleotides and comprising the mutations or deletions as defined
in any one of (a) to (f);
(h) a nucleic acid sequence comprising a nucleotide sequence as shown in any one of SEQ ID NOs: 13 to 51;
(j) a nucleic acid sequence encoding a polypeptide comprising the amino acid sequence of SEQ ID NOs: 5 to 12;
(k) a nucleotide sequence which hybridizes to a nucleotide sequence defined in any one of (a) to (g) or to the nucleotide
sequence of (h) and having a mutation as defined in any one of (a) to (f); and
(l) a nucleic acid sequence being degenerate as a result of the genetic code to the nucleic acid sequence as defined
in (k);
(m) a genomic nucleotide sequence having a nucleotide replacement or deletion selected from the following Table C
indicating in column "Region of P2X7R" the region of the P2X7R genomic nucleotide sequence in which the replacement
or deletion occurs, in column "Nucleotide" of Table C the nucleotide which is replaced by another nucleotide or the
nucleotides which are deleted and in column "Position in wild-type" of Table C the corresponding position in the nu-
cleotide sequence of the wild-type ATP-gated ion channel P2X7R as depicted in SEQ ID NO: 1.

(continued)

Intron REPLACED NUCLEOTIDE Position in wild-type

intron 1 C 24778

intron 1 C 24830

intron 3 A 26308

intron 3 G 26422

intron 4 G 32394

intron 4 T 32434

intron 5 A 32783

intron 6 G 35641

intron 6 A 35725

intron 6 T 36001

intron 7 G 36378

intron 7 T 36387

intron 7 G 36398

intron 9 C 47214

intron 11 T 47563

intron 12 C 54307

intron 12 G 54308

Table C

Region of P2X7R Nucleotide Position in wild-type

5’UTR T 532

5’UTR A 1100

5’UTR A 1122

5’UTR C 1171

5’UTR T 1351

5’UTR G 1702
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(continued)

Region of P2X7R Nucleotide Position in wild-type

5’UTR T 1731

5’UTR C 1860

5’UTR C 2162

5’UTR C 2238

5’UTR A 2373

5’UTR G 2569

5’UTR G 2702

intron 1 G 3166

intron 1 C 24778

intron 1 C 24830

exon 2 T 24942

exon 3 C 26188

exon 3 A 26308

exon 3 G 26422

intron 4 G 32394

intron 4 T 32434

exon 5 G 32493

exon 5 G 32506

exon 5 C 32507

exon 5 C 32548

intron 5 A 32783

intron 5 T 35309

intron 5 C 35374

intron 5 A 35378

exon 6 G 35438

exon 6 T 35454

intron 6 T 35549

intron 6 G 35641

intron 6 A 35725

intron 6 T 36001

intron 6 A 36064

intron 6 deletion of GTTT 36091 to 36094

intron 6 C 36108

intron 7 C 36374

intron 7 G 36378

intron 7 T 36387

intron 7 G 36398

intron 7 C 37439
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(ii) a vector comprising the nucleic acid molecule of (i);
(iii) a polypeptide encoded by the nucleic acid sequence of (i)(b) or (i)(d);
(iv) an antibody specifically directed to the polypeptide of (iii);
(v) an aptamer specifically binding to the nucleic acid molecule of (i); and/or
(vi) a primer or pair of primers capable of specifically amplifying the nucleic acid molecule of (i)

for the preparation of a diagnostic composition for the detection of an affective disorder.
[0008] It has surprisingly been found that mutations in the P2X7R gene which encodes the ATP-gated ion channel
P2X7R can cause the whole spectrum of affective disorders. Six different mutations in the 5’UTR of the P2X7R gene,
seven different mutations in exons 3, 5, 6, 8 and 13 of the P2X7R gene leading to an amino acid replacement of the
corresponding amino acid in the wild-type sequence of P2X7R depicted in SEQ ID NO: 3 or 4 and two mutations in
exons 5 and 8 of said gene, respectively, leading to a replacement of a nucleotide by another nucleotide, a deletion of
nucleotides in exon 13 of said gene, 18 mutations in introns 1, 3, 4, 5, 6, 7, 9, 11 and 12 and 5 mutations in the 3’UTR
of the P2X7R gene have been identified to co-segregate with the affection status in 41 unrelated families affected with
affective disorders. The term "affective disorder" when used in the context of the present invention means to include,
but is not limited to, depression, anxiety, unipolar disorder, bipolar disorder type I, bipolar disorder type II, mania, attention

(continued)

Region of P2X7R Nucleotide Position in wild-type

intron 7 T 37513

exon 8 C 37604

exon 8 G 37605

exon 8 G 37623

exon 8 C 37633

intron 9 C 47214

exon 11 G 47383

exon 11 C 47411

intron 11 T 47563

intron 12 C 54307

intron 12 G 54308

exon 13 C 54399

exon 13 A 54480

exon 13 C 54523

exon 13 deletion of CCCTGAGAGCCACAGGTGCCT 54562 to 54582

exon 13 A 54588

exon 13 C 54664

exon 13 G 54703

exon 13 A 54804

exon 13 G 54834

exon 13 G 54847

3’UTR G 54925

3’UTR C 55169

3’UTR A 55170

3’UTR A 55171

3’UTR C 55917
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deficit hyperactive disorder, substance abuse, and any other disorders affecting the normal behaviour, or mood of an
individual.
Each mutation causes alterations that can explain affective disorders as shown in the Examples hereinbelow.
[0009] P2X7R is an ATP-gated ion channel belonging to the P2X ionotropic channel family. The gene was first isolated
from rat brain (Surprenant et al., (1996), 272, 735-738; Genbank accession number NM_019256) and subsequently
from a human monocyte library (Rassendren et al., J. Biol. Chem. 272 (1997), 5482-5486; Genbank accession numbers
NM_002562, Y09561) by virtue of its sequence homology with the other members of the P2X family. It was later found
that P2X7R corresponded to the unidentified P2Z receptor which mediates the permeabilising action of ATP on mast
cells and macrophages (Dahlgvist and Diamant, Acta Physiol. Scand. 34 (1974), 368-384; Steinberg and Silverstein, J.
Biol. Chem. 262 (1987), 3118-3122; Gordon, Biochem. J. 233 (1986), 309-319). The P2X7R has two hydrophobic
membrane-spanning domains, an extracellular loop, and forms transmembrane ion channels. P2X7 receptors seem to
function only in homooligomeric form and bear a pharmacological profile markedly different from other P2X homo- or
heteromers (North and Surprenant, Annual Rev. Pharmacology Toxicology 40 (2000), 563-580). P2X7R requires levels
of ATP in excess of 1 mM to achieve activation, whereas other P2X receptors activate at ATP concentrations of ≤100
mM (Steinberg et al., J. Biol. Chem. 262 (1987), 8884-8888; Greenberg et al., J. Biol. Chem. 263 (1988), 10337-10343)
32). While all P2X receptors demonstrate non-selective channel-like properties following ligation, the channels formed
by the P2X7R can rapidly transform into pores that can allow the passage of molecules of up to 900 Dalton (Virginio et
al., J. Physiol. 519 (1999), 335-346).
P2X7R is expressed in hematopoietic cells, mast cells and macrophages (Surprenant et al., Science 272 (1996),
3118-3122), where it is organized in tetrameric or hexameric form (Kim et al., J. Biol. Chem. 276 (2001), 23262-23267).
P2X7R is inter alia involved in the regulation of the immune function and inflammatory response.
[0010] Activation of P2X7R by ATP in macrophages is associated with mitogenic stimulation of T cells (Baricordi et
al., Blood 87 (1996), 682-690), the release of cytokines such as interleukin-1β (Griffiths et al., J. Immol. 154 (1995),
2821-2828), and formation of macrophage polykarions (Falzoni et al., J. Clin. Invest. 95 (1995), 1207-1216). Stimulation
of the P2X7R with ATP can also result in cell death by triggering massive transmembrane ion fluxes (particularly influx
of Ca2 + and Na +, and efflux of K +) and the formation of non-selective plasma membrane pores (Di Virgilio et al., Cell
Death Differ. 5 (1998), 191-199).
In the brain, P2X7R was originally thought to be restricted to microglia (resident macrophage of the brain) and ependymal
cells rather than neurons (Collo et al., Neuropharmacology 36 (1997), 1277-1283) suggesting a role of P2X7R in neu-
rodegeneration. However, P2X7R has since been found in neurons of the rat retina (Brandle et al, Brain Research
Molecular Brain Res. 62 (1998), 106-109), cochlear ganglion cells (Brandle et al, Neuroscience Letters 273 (1999),
105-108), and presynaptic terminals of neurons throughout the brainstem and spinal cord (Deuchards et al., J. Neurosci.
21 (2001), 7143-7152). Subsequent studies also suggest that P2X7R regulates the release of neurotransmitters such
as glutamate and GABA in neurons of the hippocampus (Armstrong et al., J. Neuroscience 22 (2002), 5938-5945,
Sperlágh et al., J. Neurochem. 81 (2002), 1196-1211). Organisation of P2X7R in glial cells and astrocytes of the brain
appears monomeric (Kim et al., J. Biol. Chem. 276 (2001), 23262-23267).
Several agonists and antagonists of P2X7R have been identified. Brilliant Blue (Jiang et al., Mol. Phamacol. 58 (2000),
82-88), the isoquinolines 1-[N,O-Bis(5-isoquinolinesulfonyl)-N-methyl-L-tyrosyl]-4- phenylpiperazine and N-[1-[N-me-
thyl-p-(5 isoquinolinesulfonyl) benzyl]-2-(4 phenylpiperazine)ethyl]-5-isoquinolinesulfonamide (Humphreys et al., Mol.
Pharmacol., 54 (1998), 22-32), adamantane derivatives (WO 99/29660, WO 99/29661, WO 00/61569, WO 01/42194,
WO 01/44170, WO 01/44213), substituted phenyl compounds (WO 00/71529), piperidine and piperazine derivatives
(WO 01/46200) are antagonists of P2X7R while Oxidized ATP (oATP) acts as an irreversible inhibitor of the receptor
(Chen et al., J. Biol. Chem., 268 (1993), 8199-8203). Some of these antagonists are presently being evaluated for the
treatment of inflammatory, immune, and cardiovascular diseases. BzATP (2’-3’-O-(4-Benzoylbenzoyl)adenosine 5’-
triphosphate (C24H24N5O15P3)) acts as agonist of P2X7R (North and Surprenant, Annu. Rev. Pharmacol. Toxicol. 40
(2000), 563-580). WO 99/55901 describes a method for identifying compounds that modulate the activity of a mammalian
purinoreceptor selected from the group consisting of P2X2, P2X3, P2X4, P2X5, P2X6 and P2X7 and suggests a role
of said purinoreceptors in therapy of behavioural disorders such as epilepsy, depression and aging-associated degen-
erative diseases.
[0011] Mutant mice lacking P2X7R are healthy, fertile and demonstrate no overt phenotype. However, in contrast to
their wild-type counterparts, LPS-activated peritoneal macrophages from P2X7R-/- animals fail to generate mature in-
terleukin-1β (IL-1β) when challenged with ATP suggesting an inability of peritoneal macrophages to release IL-1 in
response to ATP (Solle et al, J. Biol. Chem. 276 (2001), 125-132). A detailed behavioural study of the P2X7R-/- mice
was not performed. In humans, a Glu-496 to Ala polymorphism leads to the loss of P2X7 function (Gu et al., J. Biol.
Chem. 276 (2001), 11135-11142) and is associated with B-cell chronic lymphocytic leukaemia (Thunberg, et al, The
Lancet 360 (2002), 1935-1939). Additional polymorphs in the putative P2X7R promoter region, and coding region have
been reported (Li et al., FEBS Lett. 531 (2002), 127-131; EP 1199372).
Despite the abundant literature concerning P2X7R, a role in affective disorders has never been suggested or alluded



EP 1 473 367 B1

8

5

10

15

20

25

30

35

40

45

50

55

to in the prior art.
[0012] Before the present invention is described in detail, it is to be understood that this invention is not limited to the
particular methodology, protocols, cell lines, vectors, and reagents described herein as these may vary. It is also to be
understood that the terminology used herein is for the purpose of describing particular embodiments only, and is not
intended to limit the scope of the present invention which will be limited only by the appended claims. Unless defined
otherwise, all technical and scientific terms used herein have the same meanings as commonly understood by one of
ordinary skill in the art.
Preferably, the terms used herein are defined as described in "A multilingual glossary of biotechnological terms: (IUPAC
Recommendations)", Leuenberger, H.G.W, Nagel, B. and Kölbl, H. eds. (1995), Helvetica Chimica Acta, CH-4010 Basel,
Switzerland).
[0013] Throughout this specification and the claims which follow, unless the context requires otherwise, the word
"comprise", and variations such as "comprises" and "comprising", will be understood to imply the inclusion of a stated
integer or step or group of integers or steps but not the exclusion of any other integer or step or group of integer or step.
Several documents are cited throughout the text of this specification.
[0014] It must be noted that as used herein and in the appended claims, the singular forms "a", "an", and "the", include
plural referents unless the context clearly indicates otherwise. Thus, for example, reference to "a reagent" includes one
or more of such different reagents, and reference to "the method" includes reference to equivalent steps and methods
known to those of ordinary skill in the art that could be modified or substituted for the methods described herein.
[0015] In accordance with the present invention, the term "nucleic acid sequence" means the sequence of bases
comprising purine- and pyrimidine bases which are comprised by nucleic acid molecules, whereby said bases represent
the primary structure of a nucleic acid molecule. Nucleic acid sequences include DNA, cDNA, genomic DNA, RNA,
synthetic forms and mixed polymers, both sense and antisense strands, or may contain non-natural or derivatized
nucleotide bases, as will be readily appreciated by those skilled in the art.
[0016] When used herein, the term "polypeptide" means a peptide, a protein, or a polypeptide which encompasses
amino acid chains of a given length, wherein the amino acid residues are linked by covalent peptide bonds. However,
peptidomimetics of such proteins/polypeptides wherein amino acid(s) and/or peptide bond(s) have been replaced by
functional analogs are also encompassed by the invention as well as other than the 20 gene-encoded amino acids, such
as selenocysteine. Peptides, oligopeptides and proteins may be termed polypeptides. The terms polypeptide and protein
are often used interchangeably herein. The term polypeptide also refers to, and does not exclude, modifications of the
polypeptide, e.g.; glycosylation, acetylation, phosphorylation and the like. Such modifications are well described in basic
texts and in more detailed monographs, as well as in a voluminous research literature.
[0017] The term "position" used in accordance with the present invention means the position of either an amino acid
within an amino acid sequence depicted herein or the position of a nucleotide within a nucleic acid sequence depicted
herein.
[0018] The term "ATP-gated ion channel P2X7R", in accordance with this invention, denotes a polypeptide which can
be classified as a member of the P2X ionotropic receptor family. They are also known as purinergic receptors. P2X
receptors are ligand-gated ion channels. The ligand for these receptors may be ATP and/or another natural nucleotide
such as ADP, UTP and UDP, or a synthetic nucleotide such as 2-methylthioATP. The criteria for the classification are:
(1) a sequence homology that is higher than 39% across the family or different species; (2) signal transduction mechanism
involving ion conductance (Khakh et al., Pharmacol Rev. 253 (2001), 107-18). Accordingly, the term "ATP-gated ion
channel P2X7R" is interchangeable with the terms "ionotropic receptor" or "purinergic receptor". Preferably, the term
"ATP-gated ion channel P2X7R" denotes a polypeptide which can be classified as an ATP-gated ion channel P2X7R
on the basis of one or more structural and/or functional characteristics, preferably those described above. Structural
characteristics refer to certain structural features which allow to classify a polypeptide as being a P2X7R protein. One
such feature is the amino acid sequence. In the context of the present invention a polypeptide is classified as an ATP-
gated ion channel P2X7R if it shows a certain degree of sequence identity over its own length to the amino acid sequence
of the human P2X7R protein depicted in SEQ ID NO: 3 or 4. This degree of sequence identity is at least 40%, more
preferably at least 50%, even more preferably at least 60%, at least 70%, at least 80%, at least 90% or at least 95%. It
is particularly preferred that the degree of sequence identity is at least 65%.
[0019] Moreover, structural characteristics of P2X7R proteins are two hydrophobic membrane-spanning domains, an
extra cellular loop which could be analyzed by using the program TMPRED (Hofmann Biol. Chem. 347 (1993), 166) or
TMHMM (Krogh J. Mol. Bio. 305 (2001), 567-580). Additionally, P2X7R may exist as a single polypeptide, as dimer,
tetramer or the like.
[0020] Thus, in the context of the present invention a protein is preferably classified as a P2X7R protein if it displays
at least one of the above-mentioned structural characteristics. Functional characteristics refer to properties related to
the biological activity of the P2X7R protein. In particular, P2X7R is an ATP-gated ion channel which allows calcium and
sodium ions to pass from extracellular solution to intracellular solution, and allows potassium ions to pass from intracellular
to extracellular solution. Moreover, the ATP-gated ion channel P2X7R forms naturally a homooligomeric form. The
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characteristics of P2X7R receptor proteins can be determined as mentioned hereinbelow. The term "ATP-gated ion
channels P2X7R" comprises functional and non-functional forms of the ATP-gated ion channels P2X7R. A functional
ATP-gated ion channel P2X7R is understood to be a P2X7R protein which has at least one of the above-mentioned
functional characteristics which can be measured by methods known in the art. A non-functional ATP-gated ion channel
P2X7R is a protein which can be classified as a P2X7R protein due to structural characteristics as described above but
which has lost at least one, preferably all, functional characteristics of a P2X7R protein as described above. Non-
functionality of the P2X7R protein can, e.g., be determined by measuring whether calcium and sodium ions can flow
into cells or whether potassium ions can exit from cells. Thus, it is possible to determine the occurrence of a mutation
in the ATP-gated ion channel P2X7R by measuring either calcium and/or sodium influx or efflux of cells. Cells harbouring
a mutation in the P2X7R gene show an altered ion influx and/or efflux in comparison to cells harbouring a wild-type
P2X7R protein. Additionally, there are different methods that could be used to determine whether the P2X7R is functional
or non-functional, for example, altered. One method consists of measuring the rate of ATP-induced incorporation of
ethidium into cells, e.g. cells isolated from an individual. Ethidium is incorporated into the cells through P2X7R pores,
when the pore formation is activated by ATP. Cells are then incubated with or without ATP in the presence of ethidium,
then they are analyzed by flow cytometry. Ethidium fluorescence is measured and compared in the presence or absence
of ATP. If the P2X7R has lower activity, the ethidium fluorescence induced by ATP will be lower than in control cells.
Such a method was used to verify P2X7R activity in isolated B-lymphocytes and T-lymphocytes from leukaemia patients
(Wiley et al., Lancet 359 (2002), 1114-1119). Briefly, isolated cells are incubated in 1 ml of Hepes buffered potassium
chloride at 37˚C with continuous stirring. Ethidium is then added at a concentration of 25 mol/l, followed 40 seconds
later by the addition of 10 ml of 100 mmol/l ATP stock. Cells are analyzed at 1,000 events/s by flow cytometry using a
Coulter Elite flow cytometer (Coulter, Hialeah, FL) with argon laser excitation at 488 nm. Fluorescent emission was
collected using a 590-nm long-pass filter. The linear mean channel fluorescence intensity for each gated subpopulation
over successive 5-s intervals was analyzed with the use of Win-MDI software (Joseph Trotter, version 2.7) and plotted
against time.
Another method of determining P2X7R activity is to measure calcium entry into isolated cells incubated with fluorescent
dyes that emit only upon binding to calcium. The cells have to be loaded with the dye and then the calcium entry has
to be stimulated. Examples of such dyes include Fura-2, Calcium green, calcium orange, calcium crimson (all available
from Molecular Probes). Methods of measuring calcium transport are well known in the art; see for example, Takahashi
et al., Physiol Rev. 79 (1999), 1089-1125. Furthermore, calcium entry into the cells produces changes in the membrane
electric potential. This changes can be measured by electrophysiology (patch clamp) or by using dyes which are sensitive
to voltage change. Such methods are also well known in the art, see for example, Gonzalez et al., DDT 4 (1999), 431-439;
Gonza’ lez and Tsien, Chemistry & Biology 4 (1997), 269-277; González and Tsien, Biophysical Journal 69 (1995),
1272-1280.
Yet another method is to measure uptake of 133Ba21. Ba21 is a good surrogate for Ca21 and once inside the cell is
neither pumped nor sequestered by transport ATPases. Ba21 uptake can be measured over 60 s using 133BaCl2 (final
concentration, 0.2 mM). At time 0, a prewarmed stock solution of 133Ba21 (0.4 mM and 1 mCi/ml) is added in equal
volumes to prewarmed isolated cells in 150 mM KCI with HEPES (pH 7.4) at 37˚C. ATP (1 mM) is added either 10
minutes before or simultaneously with the 133Ba21 isotope. Aliquots of 0.8 ml are taken at time points between 0 and
60 s and are immediately mixed with 0.2 ml of ice-cold 50 mM MgCl2 (in KCI-HEPES medium) that had been previously
layered over 250 ml of oil mixture (di-n-butyl phthalate and di-iso-octyl phthalate, 7:3 vol/vol) and then centrifuged at
8,000 g for 30 s. The supernatants and the oil are aspirated, and the cell pellets are counted in a Wallac Wizard 3
automatic gamma-counter or in any other suitable gamma measuring unit.
[0021] The present invention is based on the finding that mutations of different kinds in the P2X7R gene are linked
to the occurrence of affective disorders. The first type of mutations are mutations in the 5’UTR. Examples of such
mutations are single nucleotide replacements at positions corresponding to positions 362, 532, 1100, 1122, 1171 or
1702 of the genomic sequence of the wild-type ATP-gated ion channel P2X7R as described in SEQ ID NO: 1.
[0022] The position with respect to nucleotide sequences mentioned herein refer to the sequence shown in SEQ ID
NO: 1. This sequence represents the nucleic acid sequence of the P2X7R gene encoding the ATP-gated ion channel
P2X7R. It is possible for the skilled person to identify the position in the genomic sequence corresponding to a position
in SEQ ID NO: 1 by aligning the sequences. Moreover, the exact locations of the exons and introns are indicated in
SEQ ID NO: 1 hereinbelow. Additionally, the person skilled in the art is able to identify exons and introns of the P2X7R
gene by comparing SEQ ID NO: 1 with SEQ ID NO: 2 which shows the cDNA sequence of the P2X7R gene.
[0023] For example, at position 362 in the 5’UTR of the genomic sequence of the P2X7R gene depicted in SEQ ID
NO: 1 a thymine (T) is replaced by another nucleotide, preferably a purine base. More preferably, at said position said
thymidine is replaced by a pyrimidine base. Particularly preferred, said thymine is replaced by a cytosine (C).
[0024] At position 532 in the 5’UTR of the genomic sequence of the P2X7R gene depicted in SEQ ID NO: 1 a thymine
(T) is preferably replaced by another nucleotide, preferably a pyrimidine base. More preferably, at said position said
thymine is replaced by a purine base. Particularly preferred, said thymidine is replaced by a guanine (G).
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[0025] The adenine (A) residues at positions 1100 and 1122, respectively, in the 5’UTR of the genomic sequence of
the P2X7R gene is preferably replaced by a pyrimidine base. More preferably, said adenine is replaced by a purine base
and particularly preferred said adenine is replaced by a guanine (G).
[0026] At position 1171 in the 5’UTR of the genomic sequence of the P2X7R gene depicted in SEQ ID NO: 1 a cytidine
(C) is replaced by another nucleotide, preferably by a pyrimidine base. More preferably, said cytidine is replaced by a
purine base and even more preferred, said cytidine is replaced by a guanine (G).
[0027] The guanine at position 1702 in the 5’UTR of the genomic sequence of the gene P2X7R depicted in SEQ ID
NO: 1 is replaced by another nucleotide, preferably by a pyrimidine base. More preferably, said guanine is replaced by
a purine base and particularly preferred it is replaced by an adenine (A).
[0028] A second type of mutation found in the P2X7R gene are mutations in exons which lead to amino acid substitutions
in the corresponding amino acid sequence. These are the mutations listed under item (b), supra. In this context, the
term "an amino acid residue as indicated in column ’Amino acid residue’ of Table A corresponding to position X of the
wild-type ATP-gated ion channel P2X7R as depicted in -column ’Position in wild-type’ " has the following meaning: The
amino acid residue in question would be located at position X in the sequence of SEQ ID NO: 3 or 4 if the sequence in
which said amino acid residue occurs is compared and aligned with the amino acid sequence of SEQ ID NO: 3 or 4.
The amino acid sequence shown in SEQ ID NO: 3 or 4 is the amino acid sequence of the human P2X7R gene and is
used as a reference sequence in the present invention.
In order to determine whether an amino acid residue or nucleotide residue in a given P2X7R sequence corresponds to
a certain position in the amino acid sequence or nucleotide sequence of SEQ ID NO: 1, 3 or 4, the skilled person can
use means and methods well-known in the art, e.g., alignments, either manually or by using computer programs such
as those mentioned further down below in connection with the definition of the term "hybridization" and degrees of
homology.
[0029] For example, BLAST2.0, which stands for Basic Local Alignment Search Tool (Altschul, Nucl. Acids Res. 25
(1997), 3389-3402; Altschul, J. Mol. Evol. 36 (1993), 290-300; Altschul, J. Mol. Biol. 215 (1990), 403-410), can be used
to search for local sequence alignments. BLAST produces alignments of both nucleotide and amino acid sequences to
determine sequence similarity. Because of the local nature of the alignments, BLAST is especially useful in determining
exact matches or in identifying similar sequences. The fundamental unit of BLAST algorithm output is the High-scoring
Segment Pair (HSP). An HSP consists of two sequence fragments of arbitrary but equal lengths whose alignment is
locally maximal and for which the alignment score meets or exceeds a threshold or cutoff score set by the user. The
BLAST approach is to look for HSPs between a query sequence and a database sequence, to evaluate the statistical
significance of any matches found, and to report only those matches which satisfy the user-selected threshold of sig-
nificance. The parameter E establishes the statistically significant threshold for reporting database sequence matches.
E is interpreted as the upper bound of the expected frequency of chance occurrence of an HSP (or set of HSPs) within
the context of the entire database search. Any database sequence whose match satisfies E is reported in the program
output.
Analogous computer techniques using BLAST (Altschul (1997), loc. cit.; Altschul (1993), loc. cit.; Altschul (1990), loc.
cit.) are used to search for identical or related molecules in nucleotide databases such as GenBank or EMBL. This
analysis is much faster than multiple membrane-based hybridizations. In addition, the sensitivity of the computer search
can be modified to determine whether any particular match is categorized as exact or similar. The basis of the search
is the product score which is defined as:

and it takes into account both the degree of similarity between two sequences and the length of the sequence match.
For example, with a product score of 40, the match will be exact within a 1-2% error; and at 70, the match will be exact.
Similar molecules are usually identified by selecting those which show product scores between 15 and 40, although
lower scores may identify related molecules.
[0030] As mentioned above, the second group of mutations identified in the P2X7R gene are mutations in the exons
of the P2X7R gene which lead to amino acid substitutions. In this respect SEQ ID NO 2 shows the cDNA sequence of
the P2X7R gene. In exon 3 at position 117 of the corresponding wild-type amino acid sequence of P2X7R depicted in
SEQ ID NO: 3 or 4 an arginine (R) residue is replaced by another amino acid residue, preferably by an aliphatic, acidic
or basic amino acid residue. More preferably, by an aromatic amino acid residue which is particularly preferred to be a
tryptophane (W). The resulting polypeptide is shown in SEQ ID NO: 5.
In exon 5 at position 150 of the wild-type amino acid sequence of P2X7R depicted in SEQ ID NO: 3 or 4 a glycine (G)
residue is replaced by another amino acid residue, preferably by an aliphatic, aromatic or acidic amino acid residue.
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More preferably, by a basic amino acid residue and particularly preferred by an arginine (R). The resulting polypeptide
is shown in SEQ ID NO: 6.
[0031] At position 186 in exon 6 of the wild-type amino acid sequence of P2X7R depicted in SEQ ID NO: 3 or 4 a
glutamate residue (E) is replaced by another amino acid residue, preferably by an aliphatic, aromatic or acidic amino
acid residue. More preferably, said glutamate is replaced by a basic amino acid residue which is particularly preferred
a lysine (K). The resulting polypeptide is shown in SEQ ID NO: 7.
[0032] In exon 6 of the wild-type amino acid sequence of P2X7R depicted in SEQ ID NO: 3 or 4 at position 191 a
leucine residue (L) is replaced by another amino acid residue. Said amino acid residue is preferably an aliphatic, acidic
or basic amino acid residue. More preferably, said amino acid residue is an aromatic amino acid residue which is
particularly preferred to be a proline (P). The resulting polypeptide is shown in SEQ ID NO:8.
[0033] In exon 8 of the wild-type amino acid sequence of P2X7R depicted in SEQ ID NO: 3 or 4 at position 270 an
arginine residue (R) is replaced by another amino acid residue. Said amino acid residue is preferably an aromatic, acidic
or basic amino acid residue. More preferably, said amino acid residue is an aliphatic amino acid residue which is
particularly preferred to be a cysteine (C). The resulting polypeptide is shown in SEQ ID NO: 9.
[0034] At position 568 in exon 13 of the wild-type amino acid residue of P2X7R depicted in SEQ ID NO: 3 or 4 an
isoleucine (I) residue is replaced by another amino acid residue. More preferably, said isoleucine is replaced by an
aromatic, basic or acidic amino acid residue. Even more preferred, said isoleucine is replaced by an aliphatic amino
acid residue which is particularly preferred to be an asparagine (N). The resulting polypeptide is shown in SEQ ID NO: 10.
[0035] In exon 13 at position 578 in the wild-type amino acid sequence of P2X7R depicted in SEQ ID NO: 3 or 4 an
argine residue (R) is replaced by another amino acid residue. Said amino acid residue is preferably an aromatic, acidic
or basic amino acid residue. More preferably, it is an aliphatic amino acid residue and particularly preferred it is a
glutamine (Q) residue. The resulting polypeptide is shown in SEQ ID NO: 12.
[0036] It is envisaged that the above-mentioned mutations in the exons of the P2X7R gene occur due to point mutations
caused by, e.g. chemical and/or physical means or inaccuracy of the replication complex followed by a failure of the
reparation machinery of a cell, can result in a change of a single codon. Possible types of point mutations are transitions,
i.e. change of a purine or pyrimidine base for another purine or pyrimidine base, e.g. adenine to guanine or thymidine
to cytosine or transversions, i.e. change of a purine or pyrimidine base for another pyrimide or purine base, e.g., adenine
to thymidine or guanine to cytosine. Additionally a point mutation can also be caused by insertion or deletion of one or
more nucleotides.
[0037] The mutations leading to the replacement of the amino acids as mentioned hereinabove and hereinbelow are
indicated in Table 1 hereinbelow.
[0038] The third group of mutations in the P2X7R gene has been identified to be in exons 5 and 8 of the P2X7R gene
depicted in SEQ ID NO: 1 and to be silent, i.e. they do not lead to amino acid changes. In particular, at position 32548
in exon 5 of the wild-type genomic sequence P2X7R gene depicted in SEQ ID NO: 1 a cytidine residue is replaced by
another nucleotide. Said nucleotide is preferably a pyrimidine base and particularly preferred a thymine. The exchange
of the cytidine residue at position 32548 in exon 5 of the P2X7R gene by another nucleotide preferably does not lead
to the replacement of the amino acid cysteine by another amino acid residue.
[0039] In exon 8 of the wild-type P2X7R gene depicted in SEQ ID NO: 1 at position 37633 a cytidine residue is replaced
by another nucleotide residue. Said nucleotide residue is preferably a pyrimidine base and particularly preferred thymine.
Due to this replacement the amino acid aspartate (D) encoded by the respective codon in which at position 37633 a
replacement has taken place is preferably not replaced by another amino acid residue.
The above-mentioned mutations in exons 5 and 8 at positions 32548 and 37633, respectively, of the wild-type P2X7R
gene depicted in SEQ ID NO:1 are mutations at the third position of a triplet codon, i.e. at the wobble base, which lead
to so-called silent mutations. Silent mutations do normally not lead to a change of the amino acid due to the degeneracy
of the genetic code, i.e. 64 triplets encode at all 20 naturally occurring amino acids. However, said silent mutations lead
to a change in the codon encoding its respective amino acids insofar that the newly generated codon may not fit so well
into the codon usage of an organism. Namely, the newly generated codon is not translated by the ribosome with the
same efficiency as the "old" codon. This may lead to insufficient amounts of the corresponding polypeptide causing an
distinct phenotype.
[0040] The fourth group of mutations in the P2X7R gene described hereinabove in item (d) is a deletion of 7 amino
acids corresponding to positions 488 to 494 of the wild-type P2X7R amino acid sequence as depicted in SEQ ID NO:
3 or 4. Thus, the present invention also relates to nucleic acid sequences encoding a P2X7R protein in which amino
acids corresponding to positions 488 to 494 of the wild-type ATP-gated ion channel P2X7R as depicted in SEQ ID NO:
3 or 4 are deleted. This means, according to the present invention, that a fragment encompassing amino acid positions
488 to 494 of the corresponding wild-type amino acid sequence depicted in SEQ ID NO: 3 or 4 is deleted which results
in a shortened polypeptide. An example for such a shortened polypeptide is depicted in SEQ ID NO: 11. This type of
mutation as described herein preferably encodes a non-functional ATP-gated ion channel P2X7R. In the present invention
the deletion of a fragment encompassing amino acids 488 to 494 of the wild-type amino acid sequence depicted in SEQ
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ID NO: 3 or 4 is the result of a deletion in exon 13. The resulting protein depicted in SEQ ID NO: 11 lacks amino acids
488 to 494 of the corresponding wild type amino acid sequence depicted in SEQ ID NO: 3 or 4 such that amino acid
position 494 of the deleted polypeptide depicted in SEQ ID NO: 11 corresponds to amino acid position 502 of the wild-
type amino acid sequence depicted in SEQ ID NO: 3 or 4. Preferably, the nucleic acid sequence of the invention encodes
a P2X7R polypeptide in which exactly amino acids corresponding to positions 488 to 494 of SEQ ID NO: 3 or 4 are
deleted. However, also mutants are comprised in which either more or less amino acids within the P2X7R amino acid
sequence set forth in SEQ ID NO: 3 or 4 may be deleted due to, for example, atypical splicing or deletion of nucleotides
of the nucleic acid molecule encoding P2X7R or wrong posttranslational processes, as long as the P2X7R ATP-gated
ion channel is non-functional. For example, it is also possible that further amino acids preceding amino acid position
488 or amino acids succeeding amino acid position 494 may be deleted or that less amino acids are deleted.
Preferably at least one, more preferably at least two, even more preferably at least three and most preferably at least
5 amino acid residues are further deleted upstream from the position corresponding to amino acid residue 488 and/or
downstream of the position corresponding to amino acid residue 494 of SEQ ID NO: 3 or 4.
However, it is preferred that not more than 20, preferably not more than 15, even more preferably not more than 10 and
most preferably not more than 7 amino acid residues are further deleted upstream of the position corresponding to
amino acid residue 488 of SEQ ID NO: 3 or 4 or downstream of the position corresponding to amino acid residue 494
of SEQ ID NO: 3 or 4.
[0041] Another group of mutation (mentioned in item (e), supra) resides in introns 1, 3, 4, 5, 6, 7, 9, 11 or 12 of the
wild-type genomic sequence of P2X7R depicted in SEQ ID NO: 1. Said mutations in said introns are point mutations as
shown in Table B hereinabove and in Table 1, hereinbelow.
[0042] At the respective position indicated in the column "Position in wild-type" in Table B or indicated in the column
"Polymorphism" in Table 1 the position of the nucleotide residue in the respective intron which is replaced by another
nucleotide residue is shown. Accordingly, the term "a nucleotide as indicated in column "Intron" of the Table B corre-
sponding to the position as indicated in column "Replaced nucleotide" of Table B corresponding to the position as
indicated in column "Position in wild-type" of Table B is replaced by another nucleotide means that a nucleotide residue
in a P2X7R encoding sequence would be located at position Y in SEQ ID NO: 1 when the P2X7R sequence is compared
and aligned with the sequence of SEQ ID NO: 1.
If the nucleotide at the respective position is a purine base such as adenine or guanine it is preferred that due to a
transition it is replaced by another purine base.
For example, an adenine is replaced by a guanine or a guanine is replaced by an adenine. If the nucleotide at the
respective position is a pyrimidine base it is preferred that due to a transition it is replaced by another pyrimidine base.
For example, thymine is replaced by a cytidine and a cytidine is replaced by a thymine.
[0043] It is also preferred that due to a transversion a purine base is replaced by a pyrimidine base or vice versa. For
example, an adenine is replaced by a thymine and a guanine is replaced by a cytidine. Particularly preferred, said
ucleotide in introns 1, 3, 4, 5, 6, 7, 9, 11 or 12 of the P2X7R gene depicted in SEQ ID NO: 1 is replaced by the nucleotide
depicted in column "Polymorphism" of Table 1, hereinbelow.
[0044] A last group of mutations that has been identified relates to mutations which reside in the 3’UTR of the wild-
type P2X7R gene depicted in SEQ ID NO: 1. The mutations were found at positions 54925, 55169, 55170, 55171 or
55917 respectively, of the wild-type P2X7R gene depicted in SEQ ID NO: 1.
[0045] At position 54925 a guanine residue was found to be replaced by another nucleotide. Preferably, said guanine
residue is replaced by a pyrimidine base, more preferably by a purine base and particularly preferred by an adenine.
[0046] At position 55169 a cytidine residue is replaced by another nucleotide, preferably by a pyrimidine base. More
preferably, it is replaced by a purine base and particularly preferred, it is replaced by an adenine.
At positions 55170 and 55171 an adenine residue is replaced by another nucleotide residue, preferably by a purine
base. More preferably, said adenine residue is replaced by a pyrimidine base and particularly preferred said adenine
residue is replaced by a cytidine residue. It was also found that at position 55917 a cytidine residue is replaced by
another nucleotide.Preferably, said nucleotide residue is apurine base,more preferablya pyrimidine baseand particularly
preferable a thymine.
[0047] As is evident from the above, not all identified mutations are located in exons or lead to a change in the amino
acid sequence. Some of the mutations are located in the 5’UTR, the 3’UTR or in introns.
[0048] It is known that polymorphisms in promoter and enhancer regions can affect gene function by modulating
transcription, particularly if they are situated at recognition sites for DNA binding proteins (Fishman et al., J. Clin. Invest.
102 (1998), 1369-1376). The term "polymorphism" which is used in the present invention means single nucleotide
substitution, nucleotide insertion and nucleotide deletion which in the case of insertion and deletion includes insertion
or deletion of one or more nucleotides at a position of a gene and corresponding alterations in expressed proteins.
Polymorphisms in the 5’ untranslated region (5’UTR) of genes can affect the efficiency with which proteins are translated.
A representative example of this is in the c-myc gene where a C-G SNP that creates an internal ribosome entry site is
associated with increased efficiency of c-myc translation and myeloma (Chappell et al., Oncogene 19 (2000), 4437-4440).
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Polymorphisms in the 3’UTR can affect gene function by altering the secondary structure of RNA and efficiency of
translation or by affecting motifs in the RNA that bind proteins which regulate RNA degradation. Polymorphisms within
introns can affect gene function by affecting RNA splicing resulting in aberrant polypeptides. Another way in which
intronic polymorphisms can affect gene function is when they affect regulatory motifs within introns. Examples are the
Sp1 binding site polymorphism within intron 1 of the COLIA1 gene (Mann et al., J. Clin. Invest 107 (2001), 899-907) and
a repeat polymorphisms within the IL-1Ra gene (Keen et al., Bone 23 (1998), 367-371). Further examples between
intronic SNPs and gene function are described in Caceres and Kornblihtt, Trends Genet. 4 (2002), 186-93. Example 4
on page 52, line 30 to page 53, line 51 of the text describes potential alternative splicing events and aberrant protein
production associated with three SNPs disclosed in the application.
[0049] The nucleic acid sequences described hereinabove may comprise at least 56580 nucleotides, preferably at
least 10000 nucleotides, at least 5000 nucleotides, at least 1000 nucleotides, at least 500 nucleotides, at least 100
nucleotides. More preferably, said nucleic acid sequences comprise at least 50 nucleotides and particularly preferred
they comprise at least 20 or 21 nucleotides comprising the mutations or deletions as described hereinabove. Most
preferably such a nucleic acid sequence has a sequence as depicted in any one of SEQ ID NOs: 13 to 51.
[0050] The nucleic acid sequences described hereinabove which comprise mutations in exons leading to a replacement
of the corresponding amino acid sequence of the P2X7R wild-type polypeptide depicted in SEQ ID NO: 3 or 4 encode
polypeptides shown in SEQ ID NOs: 5 to 10 and 12
Additionally, the nucleic acid sequences described hereinabove which comprise a deletion leading to a truncated polypep-
tide in comparison to the full-length polypeptide of the wild-type P2X7R polypeptide shown in SEQ ID NO: 3 or 4 is
shown in SEQ ID NO: 11.
[0051] As discussed above, the present invention also relates to uses of nucleic acid molecules which hybridize to one
of the above described nucleic acid molecules and which shows a mutation as described hereinabove for the preparation
of a diagnostic composition for detecting an affective disorder.
The term "hybridizes" as used in accordance with the present invention may relate to hybridizations under stringent or non-
stringent conditions. If not further specified, the conditions are preferably non-stringent. Said hybridization conditions may
be established according to conventional protocols described, for example, in Sambrook, Russell "Molecular Cloning, A
Laboratory Manual", Cold Spring Harbor Laboratory, N.Y. (2001); Ausubel, "Current Protocols in Molecular Biology", Green
Publishing Associates and Wiley Interscience, N.Y. (1989), or Higgins and Hames (Eds.) "Nucleic acid hybridization, a
practical approach" IRL Press Oxford, Washington DC, (1985). The setting of conditions is well within the skill of the artisan
and can be determined according to protocols described in the art. Thus, the detection of only specifically hybridizing
sequences will usually require stringent hybridization and washing conditions such as 0.1xSSC, 0.1% SDS at 65˚C. Non-
stringent hybridization conditions for the detection of homologous or not exactly complementary sequences may be set at
6xSSC, 1% SDS at 65˚C. As is well known, the length of the probe and the composition of the nucleic acid to be determined
constitute further parameters of the hybridization conditions. Note that variations in the above conditions may be accom-
plished through the inclusion and/or substitution of alternate blocking reagents used to suppress background in hybridization
experiments. Typical blocking reagents include Denhardt’s reagent, BLOTTO, heparin, denatured salmon sperm DNA,
and commercially available proprietary formulations. The inclusion of specific blocking reagents may require modification
of the hybridization conditions described above, due to problems with compatibility. Hybridizing nucleic acid molecules
also comprise fragments of the above described molecules. Such fragments may represent nucleic acid sequences which
code for a non-functional ATP-gated ion channel P2X7R or a non-functional fragment thereof, and which have a length of
at least 12 nucleotides, preferably at least 15, more preferably at least 18, more preferably of at least 21 nucleotides, more
preferably at least 30 nucleotides, even more preferably at least 40 nucleotides and most preferably at least 60 nucleotides.
Furthermore, nucleic acid molecules which hybridize with any of the aforementioned nucleic acid molecules also include
complementary fragments, derivatives and allelic variants of these molecules. Additionally, a hybridization complex refers
to a complex between two nucleic acid sequences by virtue of the formation of hydrogen bonds between complementary
G and C bases and between complementary A and T bases; these hydrogen bonds may be further stabilized by base
stacking interactions. The two complementary nucleic acid sequences hydrogen bond in an antiparallel configuration. A
hybridization complex may be formed in solution (e.g., Cot or Rot analysis) or between one nucleic acid sequence present
in solution and another nucleic acid sequence immobilized on a solid support (e.g., membranes, filters, chips, pins or glass
slides to which, e.g., cells have been fixed). The terms complementary or complementarity refer to the natural binding of
polynucleotides under permissive salt and temperature conditions by base-pairing. For example, the sequence "A-G-T"
binds to the complementary sequence "T-C-A". Complementarity between two single-stranded molecules may be "partial",
in which only some of the nucleic acids bind, or it may be complete when total complementarity exists between single-
stranded molecules. The degree of complementartity between nucleic acid strands has significant effects on the efficiency
and strength of hybridization between nucleic acid strands. This is of particular importance in amplification reactions, which
depend upon binding between nucleic acids strands.
The term "hybridizing sequences" preferably refers to sequences which display a sequence identity of at least 40%, pref-
erably at least 50%, more preferably at least 60%, even more preferably at least 70%, particularly preferred at least 80%,
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more particularly preferred at least 90%, even more particularly preferred at least 95% and most preferably at least 97%
identity with a nucleic acid sequence as described above encoding a P2X7R protein having a described mutation. Moreover,
the term "hybridizing sequences" preferably refers to sequences encoding a P2X7R protein having a sequence identity of
at least 40%, preferably at least 50%, more preferably at least 60%, even more preferably at least 70%, particularly preferred
at least 80%, more particularly preferred at least 90%, even more particularly preferred at least 95% and most preferably
at least 97% identity with an amino acid sequence of a P2X7R mutant as described herein above.
In accordance with the present invention, the term "identical" or "percent identity" in the context of two or more nucleic acid
or amino acid sequences, refers to two or more sequences or subsequences that are the same, or that have a specified
percentage of amino acid residues or nucleotides that are the same (e.g., 60% or 65% identity, preferably, 70-95% identity,
more preferably at least 95% identity), when compared and aligned for maximum correspondence over a window of
comparison, or over a designated region as measured using a sequence comparison algorithm as known in the art, or by
manual alignment and visual inspection. Sequences having, for example, 60% to 95% or greater sequence identity are
considered to be substantially identical. Such a definition also applies to the complement of a test sequence. Preferably
the described identity exists over a region that is at least about 15 to 25 amino acids or nucleotides in length, more preferably,
over a region that is about 50 to 100 amino acids or nucleotides in length. Those having skill in the art will know how to
determine percent identity between/among sequences using, for example, algorithms such as those based on CLUSTALW
computer program (Thompson Nucl. Acids Res. 2 (1994), 4673-4680) or FASTDB (Brutlag Comp. App. Biosci. 6 (1990),
237-245), as known in the art.
Although the FASTDB algorithm typically does not consider internal non-matching deletions or additions in sequences,
i.e., gaps, in its calculation, this can be corrected manually to avoid an overestimation of the % identity. CLUSTALW,
however, does take sequence gaps into account in its identity calculations. Also available to those having skill in this art
are the BLAST and BLAST 2.0 algorithms (Altschul Nucl. Acids Res. 25 (1977), 3389-3402). The BLASTN program for
nucleic acid sequences uses as defaults a word length (W) of 11, an expectation (E) of 10, M=5, N=4, and a comparison
of both strands. For amino acid sequences, the BLASTP program uses as defaults a wordlength (W) of 3, and an expectation
(E) of 10. The BLOSUM62 scoring matrix (Henikoff Proc. Natl. Acad. Sci., USA, 89, (1989), 10915) uses alignments (B)
of 50, expectation (E) of 10, M=5, N=4, and a comparison of both strands.
[0052] Moreover, as described above, the present invention also relates to the use of nucleic acid molecules the
sequence of which is degenerate in comparison with the sequence of an above-described hybridizing molecule for the
preparation of a diagnostic composition for detecting an affective disorder. When used in accordance with the present
invention the term "being degenerate as a result of the genetic code" means that due to the redundancy of the genetic
code different nucleotide sequences code for the same amino acid.
[0053] Also disclosed herein are nucleic acid molecules which comprise one or more of the above-described mutations
or deletions.
[0054] The nucleic acid molecules applied in the uses of the invention may be derived from any organism encoding
corresponding P2X7R ATP-gated ion channels. For example, P2X7R ATP-gated ion channels have been reported in
various organisms, for example, rat (see, Suprenant (1996), loc. cit.), mouse (Genbank Accession No. AJ 489297),
xenopus (Genbank Accession No. AJ 345114), chicken (Genbank Accession No. BM 491404) or Bos Taurus (Genbank
Accession No. AF 083073). In a preferred embodiment the nucleic acid molecule of the invention is derived from a
vertebrate, preferably from a mammal, even more preferably the nucleic acid molecule is derived from rabbit or guinea
pig, and most preferably the nucleic acid is derived from mouse, rat or human.
[0055] The nucleic acid molecule applied in the uses of the invention may be any type of nucleic acid, e.g. DNA, RNA
or PNA (peptide nucleic acid).
For the purposes of the present invention, a peptide nucleic acid (PNA) is a polyamide type of DNA analog and the
monomeric units for adenine, guanine, thymine and cytosine are available commercially (Perceptive Biosystems). Certain
components of DNA, such as phosphorus, phosphorus oxides, or deoxyribose derivatives, are not present in PNAs. As
disclosed by Nielsen et al., Science 254:1497 (1991); and Egholm et al., Nature 365:666 (1993), PNAs bind specifically
and tightly to complementary DNA strands and are not degraded by nucleases. In fact, PNA binds more strongly to DNA
than DNA itself does. This is probably because there is no electrostatic repulsion between the two strands, and also the
polyamide backbone is more flexible. Because of this, PNA/DNA duplexes bind under a wider range of stringency
conditions than DNA/DNA duplexes, making it easier to perform multiplex hybridization. Smaller probes can be used
than with DNA due to the strong binding. In addition, it is more likely that single base mismatches can be determined
with PNA/DNA hybridization because a single mismatch in a PNA/DNA 15-mer lowers the melting point (T.sub.m) by
8˚-20˚ C, vs. 4˚-16˚ C for the DNA/DNA 15-mer duplex. Also, the absence of charge groups in PNA means that hybrid-
ization can be done at low ionic strengths and reduce possible interference by salt during the analysis.
[0056] The DNA may, for example, be cDNA. In a preferred embodiment it is a genomic DNA. The RNA may be, e.g.,
mRNA. The nucleic acid molecule may be natural, synthetic or semisynthetic or it may be a derivative, such as peptide
nucleic acid (Nielsen, Science 254 (1991), 1497-1500) or phosphorothioates. Furthermore, the nucleic acid molecule
may be a recombinantly produced chimeric nucleic acid molecule comprising any of the aforementioned nucleic acid
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molecules either alone or in combination.
[0057] Preferably, the nucleic acid molecule applied in the uses of the present invention is part of a vector. Therefore,
the present invention relates in another embodiment to a vector comprising the nucleic acid molecule of this invention.
Such a vector may be, e.g., a plasmid, cosmid, virus, bacteriophage or another vector used e.g. conventionally in genetic
engineering, and may comprise further genes such as marker genes which allow for the selection of said vector in a
suitable host cell and under suitable conditions.
[0058] The nucleic acid molecules applied in the uses of the present invention may be inserted into several commercially
available vectors. Nonlimiting examples include plasmid vectors compatible with mammalian cells, such as pUC, pB-
luescript (Stratagene), pET (Novagen), pREP (Invitrogen), pCRTopo (Invitrogen), pcDNA3 (Invitrogen), pCEP4 (Invit-
rogen), pMC1 neo (Stratagene), pXT1 (Stratagene), pSG5 (Stratagene), EBO-pSV2neo, pBPV-1, pdBPVMMTneo,
pRSVgpt, pRSVneo, pSV2-dhfr, pUCTag, pIZD35, pLXIN and pSIR (Clontech) and pIRES-EGFP (Clontech). Baculovirus
vectors such as pBlueBac, BacPacz Baculovirus Expression System (CLONTECH), and MaxBacTM Baculovirus Ex-
pression System, insect cells and protocols (Invitrogen) are available commercially and may also be used to produce
high yields of biologically active protein. (see also, Miller (1993), Curr. Op. Genet. Dev., 3, 9; O’Reilly, Baculovirus
Expression Vectors: A Laboratory Manual, p. 127). In addition, prokaryotic vectors such as pcDNA2; and yeast vectors
such as pYes2 are nonlimiting examples of other vectors suitable for use with the present invention. For vector modification
techniques, see Sambrook and Russel (2001), loc. cit. Vectors can contain one or more replication and inheritance
systems for cloning or expression, one or more markers for selection in the host, e. g., antibiotic resistance, and one or
more expression cassettes.
The coding sequences inserted in the vector can be synthesized by standard methods, isolated from natural sources,
or prepared as hybrids. Ligation of the coding sequences to transcriptional regulatory elements (e. g., promoters, en-
hancers, and/or insulators) and/or to other amino acid encoding sequences can be carried out using established methods.
[0059] Furthermore, the vectors may, in addition to the nucleic acid sequences of the invention, comprise expression
control elements, allowing proper expression of the coding regions in suitable hosts. Such control elements are known
to the artisan and may include a promoter, translation initiation codon, translation and insertion site or internal ribosomal
entry sites (IRES) (Owens, Proc. Natl. Acad. Sci. USA 98 (2001), 1471-1476) for introducing an insert into the vector.
Preferably, the nucleic acid molecule of the invention is operatively linked to said expression control sequences allowing
expression in eukaryotic or prokaryotic cells. Particularly preferred are in this context control sequences which allow for
correct expression in neuronal cells and/or cells derived from nervous tissue.
Control elements ensuring expression in eukaryotic and prokaryotic cells are well known to those skilled in the art. As
mentioned above, they usually comprise regulatory sequences ensuring initiation of transcription and optionally poly-A
signals ensuring termination of transcription and stabilization of the transcript. Additional regulatory elements may include
transcriptional as well as translational enhancers, and/or naturally-associated or heterologous promoter regions. Possible
regulatory elements permitting expression in for example mammalian host cells comprise the CMV-HSV thymidine
kinase promoter, SV40, RSV-promoter (Rous sarcome virus), human elongation factor 1α-promoter, CMV enhancer,
CaM-kinase promoter or SV40-enhancer.
For the expression for example in nervous tissue and/or cells derived therefrom, several regulatory sequences are well
known in the art, like the minimal promoter sequence of human neurofilament L (Charron, J. Biol. Chem. 270 (1995),
25739-25745). For the expression in prokaryotic cells, a multitude of promoters including, for example, the tac-lac-
promoter, the lacUV5 or the trp promoter, has been described. Beside elements which are responsible for the initiation
of transcription such regulatory elements may also comprise transcription termination signals, such as SV40-poly-A site
or the tk-poly-A site, downstream of the polynucleotide. In this context, suitable expression vectors are known in the art
such as Okayama-Berg cDNA expression vector pcDV1 (Pharmacia), pRc/CMV, pcDNA1, pcDNA3 (InVitrogene, as
used, inter alia in the appended examples), pSPORT1 (GIBCO BRL) or pGEMHE (Promega), or prokaryotic expression
vectors, such as lambda gt11.
[0060] An expression vector according to this invention is at least capable of directing the replication, and preferably
the expression, of the nucleic acids and protein of this invention. Suitable origins of replication include, for example, the
Col E1, the SV40 viral and the M 13 origins of replication. Suitable promoters include, for example, the cytomegalovirus
(CMV) promoter, the iacZ promoter, the gai10 promoter and the Autographa califomica multiple nuclear polyhedrosis
virus (AcMNPV) polyhedral promoter. Suitable termination sequences include, for example, the bovine growth hormone,
SV40, iacZ and AcMNPV polyhedral polyadenylation signals. Examples of selectable markers include neomycin, amp-
icillin, and hygromycin resistance and the like. Specifically-designed vectors allow the shuttling of DNA between different
host cells, such as bacteria-yeast, or bacteria-animal cells, or bacteria-fungal cells, or bacteria invertebrate cells.
Beside the nucleic acid molecules of the present invention, the vector may further comprise nucleic acid sequences
encoding for secretion signals. Such sequences are well known to the person skilled in the art. Furthermore, depending
on the expression system used leader sequences capable of directing the expressed polypeptide to a cellular compart-
ment may be added to the coding sequence of the nucleic acid molecules of the invention and are well known in the
art. The leader sequence(s) is (are) assembled in appropriate phase with translation, initiation and termination sequences,
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and preferably, a leader sequence capable of directing secretion of translated protein, or a part thereof, into, inter alia,
the extracellular membrane. Optionally, the heterologous sequence can encode a fusion protein including an C- or N-
terminal identification peptide imparting desired characteristics, e.g., stabilization or simplified purification of expressed
recombinant product. Once the vector has been incorporated into the appropriate host, the host is maintained under
conditions suitable for high level expression of the nucleotide sequences, and, as desired, the collection and purification
of the proteins, antigenic fragments or fusion proteins of the invention may follow. Of course, the vector can also comprise
regulatory regions from pathogenic organisms.
Furthermore, said vector may also be, besides an expression vector, a gene transfer and/or gene targeting vector. Gene
therapy, which is based on introducing therapeutic genes (for example for vaccination) into cells by ex-vivo or in-vivo
techniques is one of the most important applications of gene transfer. Suitable vectors, vector systems and methods
for in-vitro or in-vivo gene therapy are described in the literature and are known to the person skilled in the art; see, e.g.,
Giordano, Nature Medicine 2 (1996), 534-539; Schaper, Circ. Res. 79 (1996), 911-919; Anderson, Science 256 (1992),
808-813, Isner, Lancet 348 (1996), 370-374; Muhlhauser, Circ. Res. 77 (1995), 1077-1086; Wang, Nature Medicine 2
(1996), 714-716; WO 94/29469; WO 97/00957; Schaper, Current Opinion in Biotechnology 7 (1996), 635-640 or Verma,
Nature 389 (1997). 239-242 and references cited therein. The nucleic acid molecules of the invention and vectors as
described herein above may be designed for direct introduction or for introduction via liposomes, or viral vectors (e.g.
adenoviral, retroviral) into the cell. Additionally, baculoviral systems or systems based on vaccinia virus or Semliki Forest
Virus can be used as eukaryotic expression system for the nucleic acid molecules of the invention. In addition to
recombinant production, fragments of the protein, the fusion protein or antigenic fragments of the invention may be
produced by direct peptide synthesis using solid-phase techniques (cf Stewart et al. (1969) Solid Phase Peptide Syn-
thesis; Freeman Co, San Francisco; Merrifield, J. Am. Chem. Soc. 85 (1963), 2149-2154). In vitro protein synthesis may
be performed using manual techniques or by automation. Automated synthesis may be achieved, for example, using
Applied Biosystems 431A Peptide Synthesizer (Perkin Elmer, Foster City CA) in accordance with the instructions provided
by the manufacturer. Various fragments may be chemically synthesized separately and combined using chemical meth-
ods to produce the full length molecule.
[0061] Also disclosed herein is a host transformed with a vector or a host comprising the nucleic acid molecule of the
invention. Said host may be produced by introducing said vector or nucleotide sequence into a host cell which upon its
presence in the cell mediates the expression of a protein encoded by the nucleotide sequence of the invention or
comprising a nucleotide sequence or a vector according to the invention wherein the nucleotide sequence and/or the
encoded polypeptide is foreign to the host cell.
By "foreign" it is meant that the nucleotide sequence and/or the encoded polypeptide is either heterologous with respect
to the host, this means derived from a cell or organism with a different genomic background, or is homologous with
respect to the host but located in a different genomic environment than the naturally occurring counterpart of said
nucleotide sequence. This means that, if the nucleotide sequence is homologous with respect to the host, it is not located
in its natural location in the genome of said host, in particular it is surrounded by different genes. In this case the nucleotide
sequence may be either under the control of its own promoter or under the control of a heterologous promoter. The
location of the introduced nucleic acid molecule or the vector can be determined by the skilled person by using methods
well-known to the person skilled in the art, e.g., Southern Blotting. The vector or nucleotide sequence according to the
invention which is present in the host may either be integrated into the genome of the host or it may be maintained in
some form extrachromosomally. In this respect, it is also to be understood that the nucleotide sequence of the invention
can be used to restore or create a mutant gene via homologous recombination.
[0062] Said host may be any prokaryotic or eukaryotic cell. Suitable prokaryotic/bacterial cells are those generally
used for cloning like E. coli, Salmonella typhimurium, Serratia marcescens or Bacillus subtilis. Said eukaryotic host may
be a mammalian cell, an amphibian cell, a fish cell, an insect cell, a fungal cell, a plant cell or a bacterial cell (e.g., E
coli strains HB101, DH5a, XL1 Blue, Y1090 and JM101). Eukaryotic recombinant host cells are preferred. Examples of
eukaryotic host cells include, but are not limited to, yeast, e.g., Saccharomyces cerevisiae, Schizosaccharomyces
pombe, Kluyveromyces lactis or Pichia pastoris cells, cell lines of human, bovine, porcine, monkey, and rodent origin,
as well as insect cells, including but not limited to, Spodoptera frugiperda insect cells and Drosophila-derived insect
cells as well as zebra fish cells. Mammalian species-derived cell lines suitable for use and commercially available include,
but are not limited to, L cells, CV-1 cells, COS-1 cells (ATCC CRL 1650), COS-7 cells (ATCC CRL 1651), HeLa cells
(ATCC CCL 2), C1271 (ATCC CRL 1616), BS-C-1 (ATCC CCL 26) and MRC-5 (ATCC CCL 171).
[0063] Prefarably, said mammalian cell is a neuronal cell and/or a cultured cell like, inter alia, a HEK 293 (human
embryonic kidney) cell, a CHO, HeLa, NIH3T3, BHK, PC12 cell or a neuronal stem cell preferably derived from a mammal
and more preferably from a human.
Preferably, said amphibian cell is an oocyte. More preferably, said oocyte is a frog oocyte, particularly preferred a
Xenopus laevis oocyte.
[0064] The host described herein is a non-human transgenic organism. Said non-human organism may be a mammal,
amphibian, a fish, an insect, a fungus or a plant. Particularly preferred non-human transgenic animals are Drosophila
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species, Caenorhabditis elegans, Xenopus species, zebra fish, Spodoptera frugiperda, Autographa califomica, mice
and rats. Transgenic plants comprise, but are not limited to, wheat, tobacco, parsley and Arabidopsis. Transgenic fungi
are also well known in the art and comprise, inter alia, yeasts, like S. pombe or S. cerevisae, or Aspergillus, Neurospora
or Ustilago species or Pichia species.
[0065] Herein disclosed is a method for producing the polypeptide encoded by a nucleic acid molecule of the invention
comprising culturing/raising the host of the invention and isolating the produced polypeptide.
A large number of suitable methods exist in the art to produce polypeptides in appropriate hosts. If the host is a unicellular
organism or a mammalian or insect cell, the person skilled in the art can revert to a variety of culture conditions that can
be further optimized without an undue burden of work. Conveniently, the produced protein is harvested from the culture
medium or from isolated (biological) membranes by established techniques. Furthermore, the produced polypeptide
may be directly isolated from the host cell. Said host cell may be part of or derived from a part of a host organism, for
example said host cell may be part of the CNS of an animal or the harvestable part of a plant. Additionally, the produced
polypeptide may be isolated from fluids derived from said host, like blood, milk or cerebrospinal fluid.
[0066] Additionally the present invention relates to the use of polypeptides depicted in SEQ ID NOs: 5 to 12 which
are encoded by the nucleic acid molecules of the invention or produced by the method described herein for the preparation
of a diagnostic composition for detecting an affective disorder. The polypeptide of the invention may accordingly be
produced by microbiological methods or by transgenic mammals. It is also envisaged that the polypeptide of the invention
is recovered from transgenic plants. Alternatively, the polypeptide of the invention may be produced synthetically or
semi-synthetically.
For example, chemical synthesis, such as the solid phase procedure described by Houghton Proc. Natl. Acad. Sci. USA
(82) (1985), 5131-5135, can be used. Another method is in vitro translation of mRNA. A preferred method involves the
recombinant production of protein in host cells as described above. For example, nucleotide acid sequences comprising
all or a portion of any one of the nucleotide sequences according to the invention can be synthesized by PCR, inserted
into an expression vector, and a host cell transformed with the expression vector. Thereafter, the host cell is cultured
to produce the desired polypeptide, which is isolated and purified. Protein isolation and purification can be achieved by
any one of several known techniques; for example and without limitation, ion exchange chromatography, gel filtration
chromatography and affinity chromatography, high pressure liquid chromatography (HPLC), reversed phase HPLC,
preparative disc gel electrophoresis. In addition, cell-free translation systems can be used to produce the polypeptides
of the present invention. Suitable cell-free expression systems for use in accordance with the present invention include
rabbit reticulocyte lysate, wheat germ extract, canine pancreatic microsomal membranes, E. coli S30 extract, and coupled
transcription/translation systems such as the TNT-system (Promega). These systems allow the expression of recom-
binant polypeptides or peptides upon the addition of cloning vectors, DNA fragments, or RNA sequences containing
coding regions and appropriate promoter elements. As mentioned supra, protein isolation/purification techniques may
require modification of the proteins of the present invention using conventional methods. For example, a histidine tag
can be added to the protein to allow purification on a nickel column. Other modifications may cause higher or lower
activity, permit higher levels of protein production, or simplify purification of the protein.
[0067] In a further embodiment, the present invention relates to the use of an antibody specifically directed to a
polypeptide of the invention, wherein said antibody specifically reacts with an epitope generated and/or formed by the
mutation in the ATP-gated ion channel P2X7R selected from the group consisting of:

(i) an epitope specifically presented by a polypeptide which has an amino acid sequence of an ATP-gated ion
channel P2X7R, wherein the R (Arg), G (Gly), E (Glu), L (Leu), R (Arg), I (Ile) or R (Arg) residue corresponding to
position 117, 150, 186, 191, 270, 568 or 578 of the wild-type ATP-gated ion channel P2X7R as depicted in SEQ ID
NO: 3 or 4 is replaced by another amino acid residue; and
(ii) an epitope specifically presented by a polypeptide which has an amino acid sequence of an ATP-gated ion
channel P2X7R, wherein amino acids corresponding to positions 488 to 494 of the wild-type ATP-gated ion channel
P2X7R as depicted in SEQ ID NO: 3 or 4 are deleted, for the preparation of a diagnostic composition for detecting
an affective disorder.

[0068] With respect to preferred embodiments of (i) and (ii) the same applies as described above in connection with the
nucleic acid molecules. The term "specifically" in this context means that the antibody reacts with the mutant P2X7R protein
but not with a wild-type P2X7R protein. Preferably this term also means that such an antibody does not bind to other mutant
forms of the P2X7R protein, in particular those described herein. Whether the antibody specifically reacts as defined herein
above can easily be tested, inter alia, by comparing the reaction of said antibody with a wild-type ATP-gated ion channel
P2X7R (or a subunit or a fragment thereof) with the reaction of said antibody with a mutant P2X7R polypeptide of the
invention.
The antibody applied in the uses of the present invention can be, for example, polyclonal or monoclonal. The term "antibody"
also comprises derivatives or fragments thereof which still retain the binding specificity. Techniques for the production of
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antibodies are well known in the art and described, e.g. in Harlow and Lane "Antibodies, A Laboratory Manual", CSH Press,
Cold Spring Harbor, 1988. These antibodies can be used, for example, for the immunoprecipitation and immunolocalization
of the polypeptides of the invention as well as for the monitoring of the presence of such polypeptides, for example, in
recombinant organisms or in diagnosis. They can also be used for the identification of compounds interacting with the
proteins according to the invention (as mentioned herein below). For example, surface plasmon resonance as employed
in the BlAcore system can be used to increase the efficiency of phage antibodies which bind to an epitope of the polypeptide
of the invention (Schier, Human Antibodies Hybridomas 7 (1996), 97-105; Malmborg, J. Immunol. Methods 183 (1995),
7-13).
The present invention furthermore includes chimeric, single chain and humanized antibodies, as well as antibody fragments,
like, inter alia, Fab fragments. Antibody fragments or derivatives further comprise F(ab’)2, Fv or scFv fragments; see, for
example, Harlow and Lane, loc. cit.. Various procedures are known in the art and may be used for the production of such
antibodies and/or fragments. Thus, the (antibody) derivatives can be produced by peptidomimetics. Further, techniques
described for the production of single chain antibodies (see, inter alia, US Patent 4,946,778) can be adapted to produce
single chain antibodies to polypeptide(s) of this invention. Also, transgenic animals may be used to express humanized
antibodies to polypeptides of this invention. Most preferably, the antibody of this invention is a monoclonal antibody. For
the preparation of monoclonal antibodies, any technique which provides antibodies produced by continuous cell line cultures
can be used. Examples for such techniques include the hybridoma technique (Köhler and Milstein Nature 256 (1975),
495-497), the trioma technique, the human B-cell hybridoma technique (Kozbor, Immunology Today 4 (1983), 72) and the
EBV-hybridoma technique to produce human monoclonal antibodies (Cole et al., Monoclonal Antibodies and Cancer
Therapy, Alan R. Liss, Inc. (1985), 77-96). Techniques describing the production of single -chain--antibodies- (e.g., US
Patent 4,946,778) can be adapted to produce single chain antibodies to immunogenic polypeptides as described above.
Furthermore, transgenic mice may be used to express humanized antibodies directed against said immunogenic polypep-
tides. It is in particular preferred that the antibodies/antibody constructs as well as antibody fragments or derivatives to be
employed in accordance with this invention or capable to be expressed in a cell. This may, inter alia, be achieved by direct
injection of the corresponding proteineous molecules or by injection of nucleic acid molecules encoding the same. Further-
more,gene therapyapproachesareenvisaged.Accordingly, incontextof thepresent invention, the term"antibodymolecule"
relates to full immunoglobulin molecules as well as to parts of such immunoglobulin molecules. Furthermore, the term
relates, as discussed above, to modified and/or altered antibody molecules, like chimeric and humanized antibodies. The
term also relates to monoclonal or polyclonal antibodies as well as to recombinantly or synthetically generated/synthesized
antibodies. The term also relates to intact antibodies as well as to antibody fragments thereof, like, separated light and
heavy chains, Fab, Fab/c, Fv, Fab’, F(ab’)2. The term "antibody molecule" also comprises bifunctional antibodies and
antibody constructs, like single chain Fvs (scFv) or antibody-fusion proteins. It is also envisaged in context of this invention
that the term "antibody" comprises antibody constructs which may be expressed in cells, e.g. antibody constructs which
may be transfected and/or transduced via, inter alia, viruses or vectors. It is in particular envisaged that such antibody
constructs specifically recognize the polypeptides of the present invention. It is, furthermore, envisaged that said antibody
construct is employed in gene therapy approaches.
[0069] The present invention relates also to the use of an aptamer specifically binding to a polypeptide according to
the invention wherein said aptamer reacts with an epitope of a polypeptide of the present invention for the preparation
of a diagnostic composition for detecting an affective disorder. The present invention furthermore relates to to the use
of an aptamer specifically directed to a corresponding nucleic acid molecule according to the invention for the preparation
of a diagnostic composition for detecting an affective disorder.
In accordance with the present invention, the term "aptamer" means nucleic acid molecules that can bind to target
molecules. Aptamers commonly comprise RNA, single stranded DNA, modified RNA or modified DNA molecules. The
preparation of aptamers is well known in the art and may involve, inter alia, the use of combinatorial RNA libraries to
identify binding sides (Gold, Ann. Rev. Biochem. 64 (1995), 763-797).
[0070] Furthermore, the present invention relates to to the use of a primer or pair of primers capable of specifically
amplifying the nucleic acid molecules of the present invention for the preparation of a diagnostic composition for detecting
an affective disorder. The term "primer" when used in the present invention means a single-stranded nucleic acid
molecule capable of annealing the nucleic acid molecule of the present application and thereby being capable of serving
as a starting point for amplification. Said term also comprises oligoribo- or desoxyribonucleotides which are comple-
mentary to a region of one of the strands of a nucleic acid molecule of the present invention. According to the present
invention the term "pair of primers" means a pair of primers that are with respect to a complementary region of a nucleic
acid molecule directed in the opposite direction towards each other to enable, for example, amplification by polymerase
chain reaction (PCR).
The term "amplifying" refers to repeated copying of a specified sequence of nucleotides resulting in an increase in the
amount of said specified sequence of nucleotides. and allows the generation of a multitude of identical or essentially
identical (i.e. at least 95% more preferred at least 98%, even more preferred at least 99% and most preferred at least
99.5% such as 99.9% identical) nucleic acid molecules or parts thereof. Such methods are well established in the art;
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see Sambrook et al. "Molecular Cloning, A Laboratory Manual", 2nd edition 1989, CSH Press, Cold Spring Harbor. They
include polymerase chain reaction (PCR) and modifications thereof, ligase chain reaction (LCR) to name some preferred
amplification methods.
When used in the context of primers the term "specifically" means that only the nucleic acid molecules as described
herein above are amplified and nucleic acid molecules encoding the wild-type P2X7R ATP-gated receptor as depicted
in SEQ ID NO: 1 are not amplified. Thus, a primer according to the invention is preferably a primer which binds to a
region of a nucleic acid molecule of the invention which is unique for this molecule and which is not present in the wild-
type P2X7R encoding sequence, i.e. the primer binds in a region in which one of the above described mutations occur.
In connection with a pair of primers according to the invention it is possible that one of the primers of the pair is specific
in the above described meaning or both of the primers of the pair are specific. In both cases, the use of such a pair of
primers would allow to specifically amplify a mutant of the invention as described herein-above but not the wild-type
P2X7R encoding sequence.
The 3’-OH end of a primer is used by a polymerase to be extended by successive incorporation of nucleotides. The
primer or pair of primers of the present invention can be used, for example, in primer extension experiments on template
RNA according to methods known by-the person skilled in the art. Preferably, the primer or pair of primers of the present
invention are used for amplification reactions on template RNA or template DNA, preferably cDNA or genomic DNA.
The terms "template DNA" or "template RNA" refers to DNA or RNA molecules or fragments thereof of any source or
nucleotide composition, that comprise a target nucleotide sequence as defined above. The primer or pair of primers can
also be used for hybridization experiments as known in the art. Preferably, the primer or pair of primers are used in
polymerase chain reactions to amplify sequences corresponding to a sequence of the nucleic acid molecule of the
present invention. It is known that the length of a primer results from different parameters (Gillam, Gene 8 (1979), 81-97;
Innis, PCR Protocols: A guide to methods and applications, Academic Press, San Diego, USA (1990)). Preferably, the
primer should only hybridize or bind to a specific region of a target nucleotide sequence. The length of a primer that
statistically hybridizes only to one region of a target nucleotide sequence can be calculated by the following formula:
(¨) x (whereby x is the length of the primer). For example a hepta- or octanucleotide would be sufficient to bind statistically
only once on a sequence of 37 kb. However, it is known that a primer exactly matching to a complementary template
strand must be at least 9 base pairs in length, otherwise no stable-double strand can be generated (Goulian, Biochemistry
12 (1973), 2893-2901). It is also envisaged that computer-based algorithms can be used to design primers capable of
amplifying the nucleic acid molecules of the invention. Preferably, the primers of the invention are at least 10 nucleotides
in length, more preferred at least 12 nucleotides in length, even more preferred at least 15 nucleotides in length, particularly
preferred at least 18 nucleotides in length, even more particularly preferred at least 20 nucleotides in length and most
preferably at least 25 nucleotides in length. The invention, however, can also be carried out with primers which are
shorter or longer.
It is also envisaged that the primer or pair of primers is labeled. The label may, for example, be a radioactive label, such
as 32P, 33P or 35S. In a preferred embodiment of the invention, the label is a non-radioactive label, for example, digox-
igenin, biotin and fluorescence dye or a dye.
In another preferred embodiment said primers are selected from the group consisting of SEQ ID NOs: 52 to 111.
[0071] In yet another embodiment, the present invention relates to a diagnostic composition comprising a nucleic acid
molecule, a vector, a polypeptide, an antibody, an aptamer and/or a primer or pair of primers of the invention for use in
diagnosis of an affective disorder.
The term "composition", as used in accordance with the present invention, relates to compositions which comprise at
least one nucleic acid molecule, vector, polypeptide, an antibody and/or primer or pair of primers of this invention. It
may, optionally, comprise further molecules capable of altering the characteristics of the component of the invention
thereby, for example, suppressing, blocking, modulating and/or activating their function which have neuroprotective,
nootropic, antidepressive and/or cell-protective properties as will also be described herein below. The composition may
be in solid, liquid or gaseous form and may be, inter alia, in the form of (a) powder(s), (a) tablet(s), (a) solution(s) or (an)
aerosol(s).
[0072] In a preferred embodiment the diagnostic composition according to the invention, optionally further comprising
suitable means for detection. As described above, the present invention is based on the surprising finding that mutations
in the P2X7R protein are connected with affective disorders. Thus, this knowledge now allows to diagnose affective
disorders in an easy way. The diagnostic composition comprises at least one of the aforementioned compounds of the
invention. The diagnostic composition may be used, inter alia, for methods for determining the presence and/or expression
of the nucleic acids and/or polypeptides of the invention. This may be effected by detecting, e.g., the presence of a
corresponding gene in the genetic material of an individual or the presence of the corresponding mRNA which comprises
isolation of DNA or RNA from a cell derived from said individual, contacting the DNA or RNA so obtained with a nucleic
acid probe as described above under hybridizing conditions, and detecting the presence of mRNAs hybridized to the
probe. Alternatively, the diagnostic composition may also be used for detecting the presence of a nucleic acid molecule
of the invention by PCR. Furthermore, polypeptides of the invention can be detected with methods known in the art,
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which comprise, inter alia, immunological methods, like, RIA, FIA, ELISA, FACS or Western blotting.
Furthermore, the diagnostic composition of the invention may be useful, inter alia, in detecting the prevalence, the onset
or the progress of a disease related to the expression of a polypeptide of the invention. Accordingly, the diagnostic
composition of the invention may be used, inter alia, for assessing the prevalence, the onset and/or the disease status
of affective disorders, as defined herein above. It is also contemplated that the diagnostic composition of the invention
may be useful in discriminating (the) stage(s) of a disease.
[0073] The diagnostic composition optionally comprises suitable means for detection. The nucleic acid molecule(s),
vector(s), host(s), antibody(ies), aptamer(s), polypeptide(s) described above are, for example, suitable for use in immu-
noassays, in which they can be utilized in liquid phase or bound to a solid phase carrier. Examples of well-known carriers
include glass, polystyrene, polyvinyl ion, polypropylene, polyethylene, polycarbonate, dextran, nylon, amyloses, natural
and modified celluloses, polyacrylamides, agaroses, and magnetite. The nature of the carrier can be either soluble or
insoluble for the purposes of the invention.
Solid phase carriers are known to those in the art and may comprise polystyrene beads, latex beads, magnetic beads,
colloid metal particles, glass and/or silicon chips and surfaces, nitrocellulose strips, membranes, sheets, duracytes and
the walls of wells of a reaction tray, plastic tubes or other test tubes. Suitable methods of immobilizing nucleic acid
molecule(s), vector(s), host(s), antibody(ies), aptamer(s), polypeptide(s), etc. on solid phases include but are not limited
to ionic, hydrophobic, covalent interactions or (chemical) crosslinking and the like. Examples of immunoassays which
can utilize said compounds of the invention are competitive and non-competitive immunoassays in either a direct or
indirect format. Commonly used detection assays can comprise radioisotopic or non-radioisotopic methods. Examples
of such immunoassays are the radioimmunoassay (RIA), the sandwich (immunometric assay) and the Northern or
Southern blot assay. Furthermore, these detection methods comprise, inter alia, IRMA (Immune Radioimmunometric
Assay), EIA (Enzyme Immuno Assay), ELISA (Enzyme Linked Immuno Assay), FIA (Fluorescent Immuno Assay), and
CLIA (Chemioluminescent Immune Assay). Furthermore, the diagnostic compounds of the present invention may be
are employed in techniques like FRET (Fluorescence Resonance Energy Transfer) assays.
Appropriate labels and methods for labeling are known to those of ordinary skill in the art. Examples of the types of
labels which can be used in the present invention include inter alia, fluorochromes (like fluorescein, rhodamine, Texas
Red, etc.), enzymes (like horse radish peroxidase, β-galactosidase, alkaline phosphatase), radioactive isotopes (like
32P, 33P, 35S or 1251), biotin, digoxygenin, colloidal metals, chemi- or bioluminescent compounds (like dioxetanes,
luminol or acridiniums).
[0074] A variety of techniques are available for labeling biomolecules, are well known to the person skilled in the art
and are considered to be within the scope of the present invention and comprise, inter alia, covalent coupling of enzymes
or biotinyl groups, phosphorylations, biotinylations, random priming, nick-translations, tailing (using terminal transferas-
es). Such techniques are, e.g., described in Tijssen, "Practice and theory of enzyme immunoassays", Burden and von
Knippenburg (Eds), Volume 15 (1985); "Basic methods in molecular biology", Davis LG, Dibmer MD, Battey Elsevier
(1990); Mayer, (Eds) "Immunochemical methods in cell and molecular biology" Academic Press, London (1987); or in
the series "Methods in Enzymology", Academic Press, Inc.
Detection methods comprise, but are not limited to, autoradiography, fluorescence microscopy, direct and indirect en-
zymatic reactions, etc.
Said diagnostic composition may be used for methods for detecting the presence and/or abundance of a nucleic acid
molecule of the invention in a biological and/or medical sample and/or for detecting expression of such a nucleic acid
molecule (e.g. by determining the mRNA or the expressed polypeptide). Furthermore, said diagnostic composition may
also be used in methods of the present invention, inter alia, for the detection of specific antagonists or agonists for
P2X7R ATP-gated ion channels (see herein below).
[0075] In a further embodiment the present invention provides an in vitro method of diagnosing an affective disorder
or a susceptibility to an affective disorder comprising the step of determining in a sample obtained from an individual
whether the P2X7R protein expressed in the cells of said individual is under-expressed in comparison to the P2X7R
protein level of an unaffected individual. Aso described herein is an in vitro method of diagnosing an affective disorder
or a susceptibility thereto by determining over-expression, non-functionality or altered ATP-gating of P2X7R.
The term "over- or under-expressed in comparison to the P2X7R protein level" in the context of the present invention
means that the P2X7R protein level is higher or lower than the P2X7R level of an healthy individual, i.e. an individual
not affected with an affective disorder. The over-expression may result, e.g. from an increased amount of P2X7R mRNA
caused by enhanced transcription rates due to increased activity of the RNA-polymerase II. The amount of mRNA may
accordingly lead to an increased translation and, thus, to an higher protein level of P2X7R. It may also be possible that
a higher amount of P2X7R protein is caused by increased stability of the protein. An under-expression of P2X7R protein
may be caused by low transcription rates of the P2X7R gene and, thus, insufficient amounts of P2X7R mRNA give only
rise to a low P2X7R protein amount. Another reason may be that the P2X7R protein is unstable and, thus, is not present
in amounts comparable to the wild-type protein level.
The under- or over-expression of P2X7R protein may be determined by methods well-known to the person skilled in the
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art. These include, but are not limited, to methods for determining the amount of mRNA or the amount and/or activity of
the protein. Examples are Northern Blot analysis or immune based techniques, such as Western Blotting.
"Non-functional" means that the P2X7R protein has lost at least one functional property displayed by the wild-type P2X7R
protein as described herein above. Preferably, "non-functional" means that the P2X7R protein does no longer function
as a channel. Non-functionality may, e.g., be caused by the fact that one allele occurring in an individual codes for a
P2X7R protein which leads to non-functional dimers (dominant negative mutation). Whether a P2X7R protein in an
individual is functional or non-functional can be determined by the methods described herein above and in the examples.
The term "altered ATP-gating" means that the respective P2X7R protein reacts in a different way to ATP than the wild-
type P2X7R protein. This can be determined as described in the appended examples or as described hereinabove.
In the context of diagnosis, not only the activity of the P2X7R could be of diagnostic value but also the amount of
expression. For example, if a polymorphism affects RNA stability or translation efficiency, this could lead to lower
expression of the P2X7 protein not only in the hippocampus but also in the blood. Therefore, one could speculate that
a lower amount of P2X7 detected by western blot in blood cells could be related to depression.
[0076] Another aspect of the present invention is a method for diagnosing an affective disorder or a susceptibility to
an affective disorder comprising the step of determining in a sample obtained from an individual whether the P2X7R
gene sequence or encoded protein thereof comprises a mutation as defined herein in comparison to the wild-type P2X7R
sequence.
[0077] A preferred embodiment of the present invention is a method, wherein a mutation is a mutation in a P2X7R
sequence as defined hereinabove and/or a nucleotide replacement or deletion selected from the following Table C
indicating in column "Region of P2X7R" the region of the P2X7R genomic nucleotide sequence in which the replacement
or deletion occurs, in column "Nucleotide" of Table C the nucleotide which is replaced by another nucleotide or the
nucleotides which are deleted and in column "Position in wild-type" of Table C the corresponding position in the nucleotide
sequence of the wild-type ATP-gated ion channel P2X7R as depicted in SEQ ID NO: 1

Table C

Region of P2X7R Nucleotide Position in wild-type

5’UTR T 532

5’UTR A 1100

5’UTR A 1122

5’UTR C 1171

5’UTR T 1351

5’UTR G 1702

5’UTR T 1731

5’UTR C 1860

5’UTR C 2162

5’UTR C 2238

5’UTR A 2373

5’UTR G 2569

5’UTR G 2702

intron 1 G 3166

intron 1 C 24778

intron 1 C 24830

exon 2 T 24942

exon 3 C 26188

exon 3 A 26308

exon 3 G 26422

intron 4 G 32394
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(continued)

Region of P2X7R Nucleotide Position in wild-type

intron 4 T 32434

exon 5 G 32493

exon 5 G 32506

exon 5 C 32507

exon 5 C 32548

intron 5 A 32783

intron 5 T 35309

intron 5 C 35374

intron 5 A 35378

exon 6 G 35438

exon 6 T 35454

intron 6 T 35549

intron 6 G 35641

intron 6 A 35725

intron 6 T 36001

intron 6 A 36064

intron 6 deletion of GTTT 36091 to 36094

intron 6 C 36108

intron 7 C 36374

intron 7 G 36378

intron 7 T 36387

intron 7 G 36398

intron 7 C 37439

intron 7 T 37513

exon 8 C 37604

exon 8 G 37605

exon 8 G 37623

exon 8 C 37633

intron 9 C 47214

exon 11 G 47383

exon 11 C 47411

intron 11 T 47563

intron 12 C 54307

intron 12 G 54308

exon 13 C 54399

exon 13 A 54480

exon 13 C 54523

exon 13 deletion of CCCTGAGAGCCACAGGTGCCT 54562 to 54582
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[0078] As indicated hereinabove, if the respective nucleotide which is replaced by another nucleotide is a purine base,
it is preferred to be replaced by another purine base. If it is a pyrimidine base, it is preferred to be replaced by another
pyrimidine base. It is also preferred that a purine base is replaced by a pyrimidine base and that a pyrimidine base is
replaced by a purine base. Most preferably, the nucleotides indicated in Table C are replaced by the nucleotides indicated
at the respective position in Table 12 hereinbelow (see Example 3).
[0079] In a preferred embodiment the present invention relates to diagnostic composition designed for use in a method
in which the occurrence of the mutation in the ATP-gated ion channel P2X7R gene is determined by PCR, immunological
methods and/or electrophysiological methods as described herein below and in the appended Examples. Additionally,
it is possible to determine the occurrence of a mutation in the ATP-gated ion channel P2X7R as described hereinabove.
[0080] It is also envisaged that the present invention relates to in vitro methods of diagnosing an affective disorder of
an individual comprising:

(a) isolating DNA from cells obtained from an individual;
(b) determining all or part of the nucleotide composition of the P2X7R gene; and
(c) analyzing said nucleotide composition of P2X7R for the presence of one or more polymorphism, mutation or
allelic variation as defined herein.

[0081] The term "gene" means a nucleotide sequence associated with the production of a protein, including promoter
sequences, enhancer sequences, intron sequences, exon sequences, coding regions, 5’ untranslated region (5’UTR),
3’ untranslated region (3’UTR), and splice variants.
[0082] In a preferred embodiment of the described method the individual, is a mammal and more preferably human.
Moreover, the cells are preferably derived from skin, blood, urine or cerebral spinal fluid.
[0083] The method of the present invention allows for the diagnosis of an affective disorder according to the composition
of a genetic marker corresponding to the P2X7R gene. As is demonstrated by the appended examples, polymorphisms
in the P2X7R are genetically linked to patients suffering from an affective disorder.
[0084] In accordance with this embodiment of the present invention, the diagnosis of an affective disorder can, e.g.,
be effected by isolating cells from an individual, and isolating the genomic DNA of said cells. Such cells can be collected
from body fluids, skin, hair, biopsies and other sources. Collection and analysis of cells from bodily fluids such as blood,
urine and cerebrospinal fluid is well known to the art; see for example, Rodak, "Haematology: Clinical Principles &
Applications" second ed., WB Saunders Co, 2002; Brunzel, "Fundamentals of Urine and Body Fluids Analjrsis", WB
Saunders Co, 1994; Herndon and Brumback (Ed.), "Cerebrospinal Fluid", Kluwer Academic Pub., 1989. In addition,
methods for DNA isolation are well described in the art; see, for example, Sambrook et al., "Molecular Cloning: A
Laboratory Manual", 3rd edition,-Cold Spring Harbor Laboratory, 2001.
[0085] Once DNA has been isolated, various oligonucleotide primers spanning the P2X7R locus may be designed in
order to amplify the genetic material by Polymerase Chain Reaction (PCR). Conventional methods for designing, syn-
thesizing, producing said oligonucleotide primers and performing PCR amplification may be found in standard textbooks,
see, for example Agrawal (Ed.), "Protocols for Oligonucleotides and Analogs: Synthesis and Properties (Methods in
Molecular Biology, 20)", Humana -Press, 1993; Innis et at. (Ed.), "PCR Applications: Protocols for Functional Genomics",

(continued)

Region of P2X7R Nucleotide Position in wild-type

exon 13 A 54588

exon 13 C 54664

exon 13 G 54703

exon 13 A 54804

exon 13 G 54834

exon 13 G 54847

3’UTR G 54925

3’UTR C 55169

3’UTR A 55170

3’UTR A 55171

3’UTR C 55917
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Academic Press, 1999; Chen and Janes (Ed.), "PCR Cloning Protocols: From Molecular Cloning to Genetic", 2nd edition,
Humana Press, 2002. Primers for the detection of P2X7R polymorphisms are also given in, but not limited to, SEQ ID
NO: 52 to SEQ ID NO: 111. Once DNA has been amplified, nucleotide structure can be analysed by sequencing methods
and compared to normal P2X7R DNA.
[0086] Sequencing may be performed manually by any molecular biologist of ordinary skills or by an automated
sequencing apparatus. These procedures are common in the art, see, for example, Adams et al. (Ed.), "Automated DNA
Sequencing and Analysis", Academic Press, 1994; Alphey, "DNA Sequencing: From Experimental Methods to Bioin-
formatics", Springer Verlag Publishing, 1997.
[0087] Detection and analysis of polymorphisms in P2X7R can also be performed using amplification refractory mu-
tation system (ARMSTM), amplification refractory mutation system linear extension (ALEXTM), single-strand conforma-
tion polymorphism (SSCP), heteroduplex analysis, PCR-SSCP, fluorescent SSCP in an automated DNA sequencer,
denaturing gradient gel electrophoresis, RNase protection assays, detection of mutations by sequence specific oligo-
nucleotide hybridization, chemical cleavage methods, enzyme mismatch cleavage methods, cleavage fragment length
methods, allele-specific oligonucleotide hybridization on DNA chips, and other such methods known in the art, see, for
example Nollau et al, Clin. Chem. 43 (1997), 1114-1128; Burczak and Mardis (Ed.), "Polymorphism Detection & Analysis
Techniques", Eaton Pub Co, 2000; Cotton et al. (Ed.), "Mutation Detection: A Practical Approach", Irl Press, 1998; Taylor
(Ed.), "Laboratory Methods for the Detection of Mutations and Polymorphisms in DNA", CRC Press, 1997.
[0088] The present invention also relates to a method of diagnosing an affective disorder in an individual comprising:

(a) isolating RNA from cells obtained from an individual;
(b) converting the RNA into cDNA;
(c) determining all or part of the nucleotide composition of the cDNA so obtained; and
(c) analyzing said nucleotide composition for the presence of one or more polymorphism(s) or allelic variation as
defined herein.

[0089] With respect to the preferred embodiments the same applies as already described above.
[0090] Detection and analysis of polymorphisms in the P2X7R RNA can be performed according to the methods
described above.
[0091] The present invention also relates to a method for diagnosing an affective disorder in an individual comprising:

(a) isolating RNA or proteins from cells obtained from an individual;
(b) determining the levels of P2X7R RNA or protein; and
(c) comparing the levels of P2X7R RNA or protein with the corresponding levels from a normal individual not afflicted
with an affective disorder, wherein underexpressionof said P2X7R RNA or protein is indicative of an affective disorder.

[0092] With respect to the preferred embodiments the same applies as already described above.
[0093] As is demonstrated by the appended examples, a relationship exists between the expression, or protein level
of P2X7R and an affective disorder. This and other embodiments of the present invention will readily occur to those of
ordinary skill in the art in view of the disclosure herein.
[0094] Also disclosed herein is a polynucleotide comprising at least 20 bases of the human P2X7R gene and comprising
a mutation or polymorphism selected from any of the following:

Table 1: Novel polymorphisms in the human P2X7R

Region in P2X7 Polymorphism Protein Modification

5’UTR 362 T-C

5’UTR 532 T-G

5’UTR 1100 A-G

5’UTR 1122 A-G

5’UTR 1171 C-G

5’UTR 1702 G-A

Intron01 3166 G-C

Intron01 24778 C-T

Intron01 24830 6C-T
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[0095] The polymorphism describes the position and the variation observed. The position and numbering of the
polymorphism corresponds to the human P2X7R gene as defined in SEQ ID No 1. Primers used for SNP amplification
and sequencing are shown in Table 1a and listed in SEQ ID NO: 52 to SEQ ID NO: 111.

(continued)

Region in P2X7 Polymorphism Protein Modification

Exon03 26188 C-T Arg117Trp

Intron03 26308 A-G

Intron03 26422 G-A

Intron04 32394 G-A

Intron04 32434 T-C

Exon05 32493 G-A Gly150Arg

Exon05 32548 C-T Silent Cys168

Intron05 32783 A-C

Exon06 35438 G-A Glu186Lys

Exon06 35454 T-C Leu 191 Pro

Intron06 35641 G-C

Intron06 35725 A-C

Intron06 36001 T-G

Intron07 36378 G-A

Intron07 36387 T-A

Intron07 36398 G-C

Exon08 37604 C-T Arg270Cys

Exon08 37633 C-T Silent Asp279

Intron09 47214 C-T

Intron11 47563 T-C

Intron12 54307 C-T

Intron12 54308 G-A

Exon13 54562-54582 deletion of CCCTGAGA
GCCACAGGTGCCT

deletion of 7aa 488 to 494 (PESHRCL)

Exon 13 54804 A-T Ile568Asn

Exon13 54834 G-A Arg578Gln

3’UTR 55169 C-A

3’UTR 55170 A-C

3’UTR 55171 A-C

3’UTR 55917 C-T

3’UTR 54925 G-A

Table 1a. Primer sequences for SNP amplification and sequencing

Primer Name Orientation Sequence Begin End

P2RX7_01.for Sense cgtaggacttggcgcttct 2785 2803

P2RX7_01.rev Anti sense gagcacgtctcagattcgaaa 3224 3244
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(continued)

Primer Name Orientation Sequence Begin End

P2RX7_02.for Sense ccatgaggcaggtatgactattc 24665 24687

P2RX7_02.rev Antisense ctcctggatctcacccagtt 25168 25187

P2RX7_03.for Sense ctcgtccagctttgatattaagc 25966 25988

P2RX7_03.rev Antisense ggtccctagtgctagaaccaga 26426 26447

P2RX7_04.for Sense attcatccgtcagtggcc 30794 30811

P2RX7_04.rev Antisense gccatgtgaattttctaccgat 31277 31298

P2RX7_05.for Sense ttcgttgtggttaggatggg 32314 32333

P2RX7_05.rev Antisense caaggatgctcagggtagtagc 32805 32826

P2RX7_06.for Sense cactaggtttgctgtatccatttct 35277 35301

P2RX7_06.rev Antisense gcaactgtgtgagagcttgg 35731 35750

P2RX7_07.fbr Sense tcaaccctggtccagtgtg 35950 35968

P2RX7_07.rev Antisense caccaagtagctctcactcataagg 36424 36448

P2RX7_08.for Sense caataacacttgtgcgagttaggt 37380 37403

P2RX7_08.rev Antisense catcttgttgccttggaaacc 37750 37770

P2RX7_09.for Sense gtgagtggtaatcctgctactgc 45321 45343

P2RX7_09.rev Antisense aggcccactcctgtactcg 45743 45761

P2RX7_10_11.for Sense ccaagtcacagcatgaggc 47119 47137

P2RX7_10_11.rev Antisense acccagcgacgtatccac 47632 47649

P2RX7_12.for Sense aagcatggggttccatttc 50252 50268

P2RX7_12.rev Antisense gcataaaagggactcctgctagta 50691 50714

P2RX7_13a.for Sense ,gcttacagaacacatgcatgg 54232 54252

P2RX7_13a.rev Antisense gcacctgtaggcacagtgc 54739 54757

P2RX7_13b.for Sense atcaccacctcagagctgttc 54620 54640

P2RX7_13b.rev Antisense gttaacatggctactgcagcc 55203 55223

P2XR7_13d.for Sense gcttagaaaggaggcgactcc 54484 54504

P2XR7_Pro13. for Sense ttgtgacatttgcaaggctgcc 2617 2638

P2XR7_Pro7.rev Antisense tctgaagctctgctcctgag 1955 1974

P2XR7_Pro8.rev Antisense ctcaccttctggcttccagt 1611 1630

P2XR7_Pro9.for Sense cttaccactcccaggactaa 1496 1515

P2XR7_Pro10.for Sense gtctgcctgttcactgccat 1149 1168

P2XR7_Pro1.for Sense cagagaccttcagaaacttcg 1841 1861

P2XR7_Pro2.rev Antisense agatcaccagggacacagtg 2261 2280

P2XR7_Pro3.for Sense ctcaactccactttcctcgg 2133 2152

P2XR7 Pro4.rev Antisense cctttcacttttttggtctcatg 2655 2677

P2XR7_Pro5.for Sense gggagaattctgaaaatgccc 2691 2711

P2XR7_Pro6.rev Antisense ggaccagagctctactcttc 2951 2970

P2XR7_Pro11.for Sense aggtcatagatcgacctgcc 2296 2315

P2XR7_Pro12.rev Antisense aagaagcgccaagtcctacg 2785 2804
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[0096] Another aspect of the present invention is in the form of a diagnostic kit for affective disorders comprising a
specific oligonucleotide probe, or primer corresponding to P2X7R polymorphisms as described herein. The diagnostic
kit may comprise appropriate packaging and instructions for the use in the method of the invention. Said kit may further
comprise appropriate buffer, and enzymes such as reverse transcriptase, and thermostable polymerases.
[0097] In a preferred embodiment of the invention, diagnosis can be performed on a mouse, rat or human. The invention
is generally applied in vitro, e.g. using cells or other material obtained from an individual. However, it can also be applied
on a living individual, or post mortem.
[0098] In accordance with the embodiments of the present invention, diagnosis of an affective disorder may be followed
by prescription, or administration of an antidepressant drug. Administration and dosage of antidepressive drugs can
vary between patients and are well know in the medical art, see, for example Benkert and Hippius, "Kompendium der
Psychiatrischen Pharmakotherapie", Springer Verlag Publishing, 2000; Albers, "Handbook of Psychiatric Drugs:
2001-2002 Edition", Current Clinical Strategies Publishing, 2000. Preferred examples include between 5 mg and 80 mg
per day, preferably 20 mg, fluoxetine; between 5 mg and 50 mg per day, preferably 20 mg, paroxetine; between 5 mg
and 200 mg per day, preferably 50 mg, sertraline; between 5 mg and 300 mg per day, preferably 100 mg, fluvoxamine;
between 5 mg and 100 mg per day, preferably 30 mg, mirtazapine; between 4 mg and 50 mg, preferably 8 mg, reboxetine;
between 5 mg and 600 mg per day, preferably 200 mg, nefazodone; between 450 mg and 1800 mg per day, preferably
900 mg, lithium carbonate.
[0099] The P2X7R protein is also useful for monitoring the efficacy and/or dosing of a drug or the likelihood of a patient
to respond to a drug. Thus, the present disclosure describes a method for, monitoring the efficacy and/or dosing of a
drug, e.g. an antidepressive drug, and/or the likelihood of a patient to respond to said drug which comprises determining
the level of expression and/or activity of the P2X7R protein in a patient before and after administration of the respective
drug. As presented in the examples below, treatment with an antidepressive drug results in an upregulation in P2X7R
activity. In humans, P2X7R activity can be monitored by Positron Emission Tomography (PET) or Single Photon Emission
Computerised Tomography (SPECT) using a radiolabelled ligand tracer for P2X7R. Examples of P2X7R ligands can
be, but are not limited to, ATP, an antagonist binding P2X7R, an agonist binding P2X7R, or a small polynucleotide

(continued)

Primer Name Orientation Sequence Begin End

P2XR7_Pro14.for Sense gcaatccagactgaagttgac 2051 2071

P2XR7_Pro15.rev Antisense actctggtctgcagttggtg 2428 2447

P2XR7_Pro21.for Sense cctttaaaatcagagaccttcaga 1831 1854

P2XR7_Pro22.for Sense gcccatcctctgaacaccat 2708 2727

P2XR7_3UTR10.for Sense cccttggaactcttgctatcg 55804 55824

P2XR7_3UTR1.for Sense ggcagtacagtggcttcaaga 54858 54878

P2XR7_3UTR2.rev Antisense gtgggacagtttgctgtgcct 55150 55170

P2XR7_3UTR3.for Sense gagtccttaccaatagcagg 55183 55202

P2XR7_3UTR4.rev Antisense gtcaaagaatttgtggccacc 55643 55663

P2XR7_3UTR5.for Sense catgaactgtcttttaatgtgtaaag 55515 55540

P2XR7_3UTR6.rev Antisense gagatacggtttcaccatgttg 55955 55976

P2XR7_3UTR7.for Sense aattagctgggcatggtgcg 55992 56011

P2XR7_3UTR8.rev Antisense ttgagatggagtctcgctctg 56122 56140

P2XR7_3UTR9.rev Antisense cactgtccacgtgactgctt 56208 56227

P2RX7_11.For Sense tcctacttcggtctggtaagagatt 47281 47305

P2RX7_11.Rev Antisense gggcctaattttcgtgcat 47591 47609

P2RX7_13G.For Sense aagaacctagaacctgagggctt 54333 54355

P2RX7_13G.Rev Antisense ttgagatgggaggcagctt 54541 54559

P2RX7_13H.For Sense ttcggctcccaggacat 54773 54789

P2RX7_13H.Rev Antisense cacagagctttgcaggtgaa 55248 55267
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comprising at least 20 bases of the human P2X7R gene. A modulation of P2X7R activity, membrane distribution or
expression levels would reflect the activity and potency of the antidepressive drug. Methods and techniques required
for PET analysis are well known in the art, see, for example Paans and Vaalburg, Curr. Pharmac. Design 6 (2000),
1583-1591; van Waarde, Curr. Pharmac. Design. 6 (2000), 1593-1610; Paans et al, Methods 27 (2002), 195-207;
Passchier et al., Methods 27 (2002), 278-286; Laruelle et al., Methods 27 (2002), 287-299.
[0100] In accordance with the present invention by the term "sample" is intended any biological sample obtained from
an individual, cell line, tissue culture, or other source containing polynucleotides or polypeptides or portions thereof. As
indicated, biological samples include body fluids (such as blood, sera, plasma, urine, synovial fluid and spinal fluid) and
tissue sources found to express the polynucleotides of the present invention. Methods for obtaining tissue biopsies and
body fluids from mammals are well known in the art. A biological sample which includes genomic DNA, mRNA or proteins
is preferred as a source.
[0101] As described herein above, mutations of the P2X7R encoding gene can occur on DNA level or on mRNA level
and may result in an altered expression of P2X7R or in the expression of P2X7R ATP-gated ion channels which show
either an altered function or no function when compared to the wild-type P2X7R ATP-gated ion channel as described
herein. Thus, various methods on DNA level, RNA level or protein level exist for determining whether the ATP-gated
ion channel P2X7R gene shows a mutation as described herein above. Consequently, mRNA, cDNA, DNA and genomic
DNA are the preferred nucleic acid molecules to be used in the below mentioned methods. Also polypeptides or fragments
thereof are preferred if a mutation in the P2X7R ATP-gated ion channel protein as described herein is to be determined.
[0102] Preferably, a point mutation leading to the replacement of an amino acid residue at the positions as indicated
in Table 1 of the corresponding wild-type P2X7R amino acid sequence depicted in SEQ ID NO: 3 or 4 by another amino
acid can be determined by PCR. Said PCR is followed by a restriction fragment length polymorphism (RFLP) analysis
if due to the point mutation a recognition site for a restriction endonuclease is generated which is not present in the wild-
type nucleotide sequence or a recognition site for a restriction enzyme is created which does not occur in the wild-type
P2X7R. More preferably said mutation can be determined by PCR using primers and conditions that allow only an
amplification of the wild-type nucleotide sequence encoding the corresponding wild-type amino acid at the respective
position, but not of the nucleotide sequence of a nucleic acid molecule encoding a different amino acid residue at the
corresponding position. It is even more preferred that PCR is performed to determine a mutation using primers and
conditions that allow no amplification if the wild-type nucleotide sequence is present, but only if another amino acid
residue is encoded at the respective position. Particularly preferred is a method using PCR and primers under conditions
that allow amplification of a fragment comprising at least the nucleotide residues encoding the amino acid residue
corresponding to positions of SEQ ID NO: 1.
Said PCR is followed by e.g., sequencing and/or single strand conformation analysis (SSCA). Said fragment is preferably
of at least 25 nucleotides in length, more preferred of at least 50 nucleotide in length, even more preferred of at least
75 nucleotides in length, particularly preferred of at least 100 nucleotides in length, more particularly preferred of at least
200 nucleotides in length, also more particularly preferred at least 250 nucleotides in length, even more particularly
preferred at least 300 nucleotides in length and most particularly preferred at least 600 nucleotides in length. Said primers
are preferably of at least 12 nucleotides in length, more preferred of at least 15 nucleotides in length, even more preferred
of at least 18 nucleotides in length and most preferred of at least 21 nucleotides in length as depicted in SEQ ID NOs:
52 to 111. The temperature for annealing said primers is preferably at least 50˚C, more preferred at least 55˚C and most
preferred at least 58˚C. The temperature for denaturation is preferably at least 95˚C for preferably at least 10 sec, more
preferably at least 20 sec, even more preferred at least 30 sec and most preferred at least 60 sec. However, depending
on the length and the G-C content of the nucleic acid sequence to be amplified the temperature for denaturation may
be shorter or longer. The temperature for extension of the annealed primers is preferably at least 10 sec, more preferably
at least 20 sec, even more preferred at least 30 sec and most preferred at least 60 sec. A PCR reaction comprising the
aforementioned conditions is exemplified in the Examples herein below. The subsequent sequencing and/or SSCA is
carried out as known in the art. Preferably, the PCR fragments are separated on a 10% polyacrylamide gel at 4˚C or
also preferred at room temperature. PCR fragments showing a SSCA band shift are amplified with the primers under
conditions as mentioned above and are subsequently sequenced. Alternatively, it is also possible to directly sequence
genomic DNA in order to determine whether a mutation in the CLCN2 gene has occurred. A direct genomic sequencing
approach is, for example, demonstrated for baker’s yeast in Horecka, Yeast 16 (2000), 967-970.
Preferably, a deletion is determined by using hybridization techniques as known in the art. In particular, a primer is
designed as mentioned herein above that is capable to only hybridize to wild-type genomic DNA as depicted in SEQ ID
NO: 1 but not to a nucleotide sequence comprising a deletion of a fragment between nucleotides 54562 and 54582 of
SEQ ID NO: 1. Also preferred is the method of fluorescent in situ hybridization (FISH) for determining on whole chro-
mosomes, in particular on chromosome 12q23-q24 that said chromosome has the above mentioned deletion. Even
more preferred is that a deletion of nucleotide residues as described herein may be determined by using PCR, wherein
one primer of a pair of primers is located within the region of genomic DNA comprising said deletion. Preferably, said
deletion is between nucleotide positions 54562 and 54582 as depicted in SEQ ID NO: 1. Thus, under the appropriate
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conditions no PCR fragment will result if the genomic DNA comprises said deletion. It is particularly preferred that PCR
using primers which are located upstream or downstream of the deletion is performed to determine said deletion. Under
appropriate conditions as mentioned herein above, both a fragment of genomic DNA of the wild-type nucleotide sequence
as set forth in SEQ ID NO: 1 and a fragment of the nucleotide sequence comprising a deletion of preferably the nucleotides
between positions 54562 and 54582 as depicted in SEQ ID NO: 1 will be amplified.
[0103] It is also possible to determine the above-described P2X7R mutations on the protein level. Some of the mutations
described above lead to shortened versions of the P2X7R protein. Thus, it is conceivable to determine the occurrence
of these mutations by determining the length or molecular weight of the P2X7R protein expressed in an individual, e.g.
by SDS PAGE.
It is also possible to determine the mutations of the P2X7R ATP-gated channel as described herein by using the antibodies
of the present invention. Said antibodies specific-for said mutations of P2X7R proteins will be determined by assay
techniques such as radioimmunoassays, competitive-binding assays, Western blot analysis and ELISA assay. Also
preferred are classical immunohistological methods.
[0104] The finding, described in the present invention, that certain mutations in the P2X7R encoding gene and/or the
corresponding protein are connected with affective disorder is indicative that the non- or dysfunction of the P2X7R
protein is responsible for various forms of affective disorders. Thus, the finding of these mutations not only allows the
diagnosis of affective disorders by determining whether the above-described mutations occur in an individual. It also
allows to develop a treatment of affective disorders which has been diagnosed to be the result of a mutation in the
P2X7R encoding gene. Such a treatment can, e.g., comprise the introduction of a nucleic acid molecule encoding a
non-functional or functional wild-type P2X7R protein thereby restoring in said individual the P2X7R activity or the acti-
vation or repression of (a) P2X7R gene(s) in vivo. The term "activation or repression" in this context means that the
expression of the gene is either enhanced (activation) or reduced (repression). An enhancement of expression can,
e.g., be achieved by increasing the efficiency of transcription initiation, for example, by using suitable compounds which
have an activating effect on transcription. Alternatively, an enhancement can be achieved by replacing the naturally
occurring promoter by a more efficient promoter.
A repression may be achieved by suppressing expression of the gene, e.g., by specifically suppressing transcription
from the respective promoter by suitable compounds or by rendering the promoter less efficient or non-functional.
[0105] In a more preferred embodiment the herein described methods or uses are envisaged to treat affective disorders
selected from the group consisting of major depression, generalized anxiety disorder and bipolar disorder.
[0106] In a particularly preferred embodiment said major depression is selected from the group consisting of major
depression, dysthymia, atypical depression, premenstrual dysphoric disorder and seasonal affective disorder.
[0107] In another particularly preferred embodiment said generalized anxiety disorder is selected from the group
consisting of panic disorder, phobias, agoraphobia, social phobia, specific phobia, obsessive-compulsive disorder, post-
traumatic stress disorder, separation anxiety disorder, mania, hypomania and cyclothymic disorder.
[0108] A still also particularly preferred embodiment is that said bipolar disorder is bipolar disorder type I or bipolar
disorder type II.
[0109] Additionally, the present invention relates to a kit comprising the nucleic acid molecule, the vector, the host,
the polypeptide, the antibody or the aptamer, the primer or pair of primers of the invention or the molecule as identified
or characterized in a method herein below of the present invention.
Advantageously, the kit of the present invention further comprises, optionally (a) reaction buffer(s), storage solutions
and/or remaining reagents or materials required for the conduct of scientific or diagnostic assays or the like. Furthermore,
parts of the kit of the invention can be packaged individually in vials or bottles or in combination in containers or multi-
container units.
The kit of the present invention may be advantageously used, inter alia, for carrying out the method of producing a
polypeptide of the invention, the method(s) of identification and/or characterization of molecules specifically interacting
with P2X7R ATP-gated ion channels as described herein below and/or it could be employed in a variety of applications
referred herein, e.g., as diagnostic kits, as research tools or therapeutic tools. Additionally, the kit of the invention may
contain means for detection suitable for scientific, medical and/or diagnostic purposes. The manufacture of the kits
follows preferably standard procedures which are known to the person skilled in the art.
[0110] The Figures show:

Figure 1a. Genomic map of the region on the human chromosome 12 associated to bipolar affective disorder.
Genes found between markers NBG11 and NBG2 are depicted.

Figure 1b. Graphic illustrating the multipoint analysis using ASPEX on independent sib-pairs.

Figure 1c. Graphic illustrating the multipoint analysis using ASPEX on all sib-pairs
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Figure 1d. Graphic illustrating the ASPEX sib_phase by considering only independent sib-pairs

Figure 1e. Graphic illustrating the ASPEX sib_phase by considering all sib-pairs

Figure 1f. Effect of the P2XR7v13A polymorphism on basal cortisol levels before and after administration of dex-
amethasone (DST test). Individuals were subjected to the test within the first ten days of admission. Individuals with
the AG and GG genotypes have significantly lower cortisol-levels pre--and post-dexamethasone administration.

Figure 1g. Effect of the P2XR7v13A polymorphism on cortisol response during the Dex/CRH test. Individuals were
subjected to the test within the first ten days of admission (i.e. At admission) and at the last ten days before discharge
(i.e. at discharge). Individuals with the GG genotype have lower cortisol levels in response to the Dex/CRH test at
admission and at discharge. These results are indicative of an abnormal HPA axis.

Figure 1h. Effect of the P2XR7v13A polymorphism on ACTH response during the Dex/CRH test. Individuals were
subjected to the test within the first ten days of admission (i.e. at admission) and at the last ten days before discharge
(i.e. at discharge). Individuals with the GG genotype have lower ACTH levels in response to the Dex/CRH test, at
admission and at discharge. These results are indicative of an abnormal HPA axis.

Figure 1i. Duration of antidepressant treatment until remission. Depression is diagnosed according to the Hamilton
Depression Rating Scale (HAM-D; Hamilton, Br. J. Soc. Clin. Psychol. 6 (1967) 278-296). A HAM-D score of 10 or
below is regarded as remission of the depressive symptoms.

Figure 1j. Effect of the P2XR7v13C polymorphism on basal cortisol levels before and after administration of dex-
amethasone (DST test). Individuals were subjected to the test within the first ten days of admission. Individuals with
the CC genotypes have elevated cortisol levels post-dexamethasone administration.

Figure 1k. Effect of the P2XR7v13C polymorphism on cortisol response during the Dex/CRH test. Individuals were
subjected to the test within the first ten days of admission (i.e. at admission) and at the last ten days before discharge
(i.e. at discharge). Individuals with the AC or CC genotype have elevated cortisol levels in response to the Dex/CRH
test at admission, indicating an abnormal HPA axis.

Figure 1l. Effect of the P2XR7v13C polymorphism on ACTH. response during the Dex/CRH test. Individuals were
subjected to the test within the first ten days of admission (i.e. at admission) and at the last ten days before discharge
(i.e. at discharge). Individuals with the CC genotype have lower ACTH levels in response to the Dex/CRH test, at
admission and at discharge. These results are indicative of an abnormal HPA axis.

Figure 2. RT-PCR analysis of the complete coding sequence of P2X7R in different tissues

Figure 3. P2X7R expression in the olfactory bulb, hypothalamus and ependymal cells in the brain of a stress-free
mouse. Magnification 100X.

Figure 4. P2X7R expression in the hippocampus/dentate gyrus and subcommisural organ in the brain of a stress-
free mouse. Magnification 100X.

Figure 5. Floating behaviour in the forced swim test. Passive stress coping behaviour decreased after long-term
treatment with the antidepressant paroxetine (Par28: treated with paroxetine for 28 days, per os). Basal n=8; vehicle
n=8; Par28 n=8.

Figure 6. Comparative analysis of P2X7R expression in the olfactory bulb of stress-free, vehicle-treated and anti-
depressant-treated mice. Magnification 100X.

Figure 7. Comparative analysis of P2X7R expression in the hypothalamus of stress-free, treated-treated and anti-
depressant-treated mice. Magnification 100X.

Figure 8. Comparative analysis of P2X7R expression in ependymal cells of stress-free, vehicle-treated and anti-
depressant-treated mice. Magnification 100X.

Figure 9. Comparative analysis of P2X7R expression in the hippocampus of stress-free, vehiCle-treated and anti-
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depressant-treated mice. Magnification 25X.

Figure 10. P2X7R expression in the hippocampus of a vehicle treated mouse. Magnification 25X.

Figure 11. P2X7R expression in the hippocampus of a mouse treated with the antidepressant paroxetine. Magni-
fication 25X.

Figure 12. Detailed expression of P2X7R in the dentate gyrus of a mouse treated with the antidepressant paroxetine.
Magnification 400x.

Figure 13. Comparative analysis of P2X7R expression and apoptotic cells in the hippocampus of a mouse treated
with the antidepressant paroxetine. Magnification 100X.

Figure 14. Floating behaviour in the forced swim test. Passive stress coping behaviour increased after acute
intrahippocampal (bilateral, dentate gyrus) of siRNA targeting P2X7R. Vehicle n=7; control RNA n=1 0; P2X7R
siRNA n=9.

Figure 15. Comparative analysis of P2X7R expression in the hippocampus of mice treated with vehicle, control
RNA and of siRNA targeting P2X7R. Magnification 100X upper row, 25X lower row.

Figure 16a, b, c, d, e. Three splicing variants caused by polymorphisms in the introns of P2X7R.

Figure 17. Expression of P2X7R in immortalized hippocampal cell lines.

Figure 18. Increase calcium influx in hippocampal cells treated with a P2X7R agonist compound (BzATP).

Figure 19a, b. Entry of ethidium bromide dye into hippocampal cells (a) treated with P2X7R agonist compound
(BzATP) or (b) pre-treated with a P2X7R antagonist compound.

Figure 19c. Agonist action of BzATP and tenidap on P2X7R activity. The calcium channel activity of human P2X7R
was measured under basal conditions for four seconds to 10 seconds. A. Negative control consisting of cells loaded
with 10 mM Fluo-4-AM without further treatment. B. Cells treated with 20 mM BzATP after four seconds of basal
measurement. C. Cells treated with 50 mM tenidap after four seconds of basal measurement.

Figure 20. Effect of intrahippocampal injection of a P2X7R agonist compound (BzATP) on behaviour in the forced
swim test.

Figure 21. Open field test measuring locomotor activity of mice treated with a P2X7R agonist compound (BzATP).

Figure 22. Comparative analysis of apoptotic cells in the hippocampus of a mouse treated with control vehicle
solution or a P2X7R agonist compound (BzATP).

Figure 23. Effect of intrahippocampal injection of the P2X7R antagonist KN-62 and oATP on behaviour during the
forced swim test

Figure 24. Open field test measuring locomotor activity of mice treated with the P2X7R antagonist KN-62 and oATP.

[0111] A better understanding of the present invention and of its many advantages will be had from the following
examples, offered for illustrative purposes only, and are not intended to limit the scope of the present invention in any way.

EXAMPLE 1

Linkage analysis of Bipolar Affective Disorder in a homogeneous human population

[0112] 41 families of different sizes containing a total of 485 sampled individuals from the region of Saguenay/Lac St-
Jean were used in the linkage analysis. Individuals were distributed according to their diagnoses as follows: 105 indi-
viduals afflicted with Bipolar Disorder type I (BPI) or schizoaffective disorder bipolar type; 42 individuals diagnosed with
Bipolar Disorder type II (BPII); 54 individuals with recurrent major depression; and 57 individuals with single episode
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major depression. The remaining 227 individual were unaffected and normal. For the purpose of the calculation, the
following classification was used: individuals diagnosed with either BPI, schizoaffective disorder, bipolar type, BPII and
recurrent major depression were considered as affected (n=201); individuals with a single major depression episode
were scored as unknown phenotype (n=57); and all others diagnoses as unaffected (n=227).
[0113] Blood samples from each individual were collected in 10-ml K3 EDTA Vacutainer tube (Becton-Dickinson) and
genomic DNA was isolated by Puregene DNA Isolation kit (Gentra Systems). Blood was poured into 50 ml conical tube
and diluted with four volume of Red Blood Cell Lysis Solution. After an incubation of 10 minutes at room temperature,
the tube was centrifuged for 10 minutes at 2,000 g and supernatant was removed leaving behind cell pellet and 200-400
ml of the residual liquid. Cells were resuspended by vortexing the tube and 9 ml of Cell Lysis Solution were added with
up and down pipetting. 40 ml of RNAse A Solution (20 mg/ml) were added and the sample was mixed by inverting the
tube several times. Sample was incubated at 37˚C for 15 minutes and cooled to room temperature. 3 ml of Protein
Precipitation Solution were added to cell lysate. Tube was vigorously vortexed for 30 seconds and centrifuged at 2,000
g for 10 minutes. Supernatant was poured into a new tube containing 9 ml of 100% isopropanol. Sample was mixed by
inverting gently several times. Tube was centrifuged at 2,000 g for 5 minutes. The DNA white pellet was washed with
10 ml 70% ethanol and the tube was centrifuged at 2,000 g for 3 minutes. Ethanol was poured off and pellet allowed to
partially air dry. DNA was solubilized in 500 ml of DNA Hydration Solution. Final concentration was adjusted to 300-400
mg/ml.
[0114] A fluorescent-based method was used for the genotyping of microsatellite markers. Briefly, the region encom-
passing each repeated sequence was amplified by PCR using an unlabeled primer and a fluorescent-labeled primer
(Applied biosystems inc, CA, USA). The marker-associated dyes and the corresponding PCR product length are listed
in table 2. The PCR reaction was performed using 10ng of DNA sample, 0,2 unit of Taq platinum DNA polymerase
(Invitrogene, CA, USA), 20 mM Tris-Cl (pH 8.4), 50 mM KCl, 1.5mM MgCl2, 100mM of dNTP, and 1,5 mM of each primer
in a final volume of 7ml. The samples were incubated at 95˚C for 3 minutes to activate the Taq platinum DNA polymerase,
then 10 cycles of PCR amplification were performed as follows: 95˚C for 15 seconds; 58˚C for 15 seconds; 72˚C for 30
seconds; after that 15 cycles were performed as follow: 89˚C for 15 seconds; 58˚C for 15 seconds; 72˚C for 30 seconds.
Finally, the samples were incubated at 72˚C for 30 min. Following the PCR amplification samples were pooled according
to their dye-labeled primer and their PCR product length (pool of four samples). Pooled sample were separated on an
ABI 3100 DNA analyzer (Applied Biosystems inc, CA, USA). The resulting data were analysed using Genemapper2
(Applied Biosystems inc, CA, USA), and compiled in a 4D database (ACIUS) designed in a Macintosh environment as
previously described (Morissette et al., Am. J. Med. Genet. (Neuropsychiatr. Genet.) 88 (1999), 567-587)
[0115] Markers used in the following linkage analysis are shown in table 2. Recombination fraction (q) between
successive markers was computed according to the analyzed families.

Table 2. Genomic markers used for the linkage analysis

Locus Associated dye Allele length (bp) Distance (q) Cumulative distance
(cM)

Heterozygosity (%)

D12S1619 VIC 170-210 0.0135 0.00 74.5

NBG11 VIC 204-218 0.006 1.37 65.5

D12S1666 FAM 241-281 0.001 1.97 66.9

NBG5 VIC 253-261 0.001 2.07 38.3

D12S1721 VIC 263-299 0.005 2.17 72.1

NBG8 VIC 166-188 0.011 2.67 73.3

NBG6 NED 182-218 0.0115 3.79 73.9

NBG9 VIC 156-180 0.0035 4.95 68.9

NBG10 FAM 174-186 0.001 5.30 49.7

NBG12 NED 165-207. 0.009 5.40 64.2

NBG4 NED 171-199 0.001 6.31 66.4

NBG3 VIC 182-206 0.006 6.41 64.8

NBG2 VIC 171-199 7.01 54.2

-Haldane’s map function was used for cumulative distance in cMorgans.
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[0116] For bipoint parametric analysis, MOD score analysis were used where parametric LOD score were maximized
over genetic models.
[0117] The following results were obtained under MOD score analysis for recessive models.

[0118] Model-free LOD score studies using ANALYZE, sib_hase from the ASPEX V1.85 package (David Hinds and
Neil Risch 1999; ftp://Iahmed.stanford.edu/pub/aspex, see also http://watson.hqen.pitt.edu/docs/ usage.html) and
SIMWALK2 (Sobel and Lange, Am J Hum Genet 58 (1996), 1323-1337) were performed to analyze the allele sharing
among affected sib-pairs. The ANALYZE program weights sibships according to their size. The ASPEX sib_phase
program uses allele frequencies to reconstruct missing information, and is tailored for data sets where parents are
missing, but additional typed children may be used to reconstruct and phase the parents. SimWalk2 is a statistical
genetics computer application for haplotype, parametric linkage, non-parametric linkage (NPL), identity by descent (IBD)
and mistyping analyses on any size of pedigree. SimWalk2 uses Markov chain Monte Carlo (MCMC) and simulated
annealing algorithms to perform these multipoint analyses.
[0119] ASPEX sib_phase was used with two computational strategies: First, by using strictly independent sib pairs;
secondly, by using all affected sib pair combinations. ASPEX was performed for bi-point and multipoint calculations.
[0120] The bi-point results observed with ANALYZE and ASPEX are shown in Table 4.

Table 3. MOD score analysis for recessive models

Locus Distance (q) Cumulative distance (cM) LOD score (qmax)

D12S1619 0.0135 0.00 3.46 (0.10)

NBG11 0.006 1.37 4.06 (0.04)

D12S1666 0.001 1.97 1.22 (0.14)

NBG5 0.001 2.07 0.66 (0.16)

P12S1721 0.005 2.17 2.82 (0.10)

NBG8 0.011 2.67 1.51 (0.00)

NBG6 0.0115 3.79 4.77 (0.06)

NBG9 0.0035 4.95 0.75 (0.22)

NBG10 0.001 5.30 0.74 (0.00)

NBG12 0.009 5.40 1.41 (0.16)

NBG4 0.001 6.31 3.56 (0.08)

NBG3 0.006 6.41 3.96 (0.08)

NBG2 7.01 2.59 (0.10)

Table 4. Bi-point results observed with ANALYZE and ASPEX

Locus Distance (q) Cumulative
distance (cM)

Sib-pair from
ANALYZE LOD

score

sib_phase LOD
score indep. sib-

pairs

sib_phase LOD
score all sib-pairs

D12S1619 0.0135 0.00 2.31 2.55 3.14

NBG11 0.006 1.37 2.83 2.72 3.27

D12S1666 0.001 1.97 1.01 2.52 3.14

NBG5 0.001 2.07 0.50 2.52 3.13

D12S1721 0.005 2.17 1.57 2.51 3.12

NBG8 0.011 2.67 0.51 2.24 2.75

NBG6 0.0115 3.79 2.55 2.11 2.64

NBG9 0.0035 4.95 0.49 1.65 1.97

NBG10 0.001 5.30 0.77 1.45 2.10



EP 1 473 367 B1

34

5

10

15

20

25

30

35

40

45

50

55

[0121] SIMWALK2 computed four different statistics based on descent trees. These statistics measure the degree of
clustering among the marker alleles descending from the founders.
[0122] Statistic A is the number of different founder-alleles contributing alleles to the affected it is most powerful at
detecting linkage to a recessive trait. Statistic B is the maximum number of alleles among the affected descended from
any one founder-allele and most powerful at detecting linkage to a dominant trait. Statistic C is the ’entropy’ of the marker
alleles among the affected. Statistic D is the extent of allele sharing among all affected pairs as measured by their IBD
kinship coefficient. Statistics C and D are more general statistics indicating whether a few founder-alleles are overly
represented among the affected.
[0123] Table 5 shows the results observed with SIMWALK2. The authors signal that p-values should be generally
conservative. They are expressed as -Log(p-values). For correspondence purpose, -Log(0.05)=1,30, -Log(0.01)=2, -Log
(0.001)=3 etc.

[0124] Multipoint result observed with ASPEX when only independent sib-pairs were used (Figure 1b). The maximum
LOD score value was observed at NBG11.
[0125] Multipoint result observed with ASPEX when all sib-pairs were considered (Figure 1c). The maximum LOD
score value was observed at NBG11 but a second peak appeared at NBG4 and NBG3.
[0126] Multipoint and bi-point LOD score values computed by ASPEX were similar. The second peak, observed when
all sib-pairs are used, may be explained by the presence of a recombinant affected individual, with many affected sibs,
sharing the chromosomal region telomeric to NBG12. This kind of individuals has a large impact on LOD score values
when all sib-pairs are used instead of one sib-pair. This situation was observed in two sibships.
[0127] Strata analysis was subsequently performed. Although HOMOG did not detect evidence for heterogeneity, a
homogeneity test was constructed based on allele sharing found in selected chromosomal regions. Only 20 of the 41

(continued)

Locus Distance (q) Cumulative
distance (cM)

Sib-pair from
ANALYZE LOD

score

sib_phase LOD
score indep. sib-

pairs

sib_phase LOD
score all sib-pairs

NBG12 0.009 5.40 0.47 1.44 2.17

NBG4 0.001 6.31 1.21 1.29 3.07

NBG3 0.006 6.41 1.84 1.29 3.07

NBG2 7.01 1.24 1.22 3.00

Table 5. SIMWALK2 analysis

Locus Distance (q) Cumul.
Distance (cM)

STAT(A) -Log
(p-value)

STAT(B) -Log
(p-value)

STAT(C) -Log
(p-value)

STAT(D) -Log
(p-value)

D12S1619 0.0135 0.00 1.4550 0.4103 1.1306 1.1310

NBG11 0.006 1.37 2.0157 1.4375 1.5955 1.9845

D12S1666 0.001 1.97 2.0236 0.9765 1.4727 1.4614

NBG5 0.001 2.07 1.7596 0.8558 1.3866 1.3602

D12S1721 0.005 2.17 1.6628 1.1692 1.4235 1.6384

NBG8 0.011 2.67 1.5374 0.6940 1.0623 1.1552

NBG6 0.0115 3.79 1.5896 0.4452 1.0935 1.1786

NBG9 0.0035 4.95 1.2677 0.3815 0.8412 0.9133

NBG10 0.001 5.30 1.1117 0.3642 0.6987 0.7554

NBG12 0.009 5.40 1.0809 0.3485 0.6694 0.7179

NBG4 0.001 6.31 1.1024 0.4148 0.6368 0.8544

NBG3 0.006 6.41 1.1040 0.4146 0.6373 0.8559

NBG2 7.01 1.0963 0.5380 0.6587 0.9356
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families were used for this analysis since the others were not genotyped in all these regions. For each marker within
the selected regions, the proportion of alleles shared IBD by affected sib-pairs was estimated with ASPEX (sib_phase).
For each region retained, the proportion of shared alleles was used as variable for a Principal Component Analysis and
the first principal component as an index of linkage. Correlation analysis was done on these indexes to detect hetero-
geneity (correlation < 0) or epistasis (correlation > 0). Fisher algorithm was used to classify into two groups of families
as linked or unlinked to a particular locus. A negative correlation was observed between the chromosome 12 region and
the chromosome 15 area (r=-0.51; p=0.023). Cluster analysis suggested that 11 families out of 20 were linked to chro-
mosome 12. This sub-sample was called the strata.
[0128] This strata included 11 families (266 sampled individuals) that include 52 BPI or schizoaffective disorder, bipolar
type, 20 BPII and 28 recurrent major depression
[0129] The following MOD score values illustrated in Table 6 were obtained under recessive models.

[0130] Model-free LOD score results obtained with ANALYZE and ASPEX applied to the strata are shown in Table 7.

Table 6. MOD scores under recessive models

Locus Distance (q) Cumulative distance (cM) LOD score (qmax)

D12S1619 0.0135 0.00 4.03 (0.08)

NBG11 0.006 1.37 4.98 (0.00)

D12S1666 0.001 1.97 1.49 (0.12)

NBG5 0.001 2.07 0.79 (0.14)

D12S1721 0.005 2.17 4.23 (0.06)

NBG8 0.011 2.67 2.79 (0.00)

NBG6 0.0115 3.79 5.06 (0.06)

NBG9 0.0035 4.95 1.57 (0.14)

NBG10 0.001 5.30 1.73 (0.00)

NBG12 0.009 5.40 1.65 (0.12)

NBG4 0.001 6.31 4.60 (0.08)

NBG3 0.006 6.41 4.84 (0.06)

NBG2 7.01 2.80 (0.06)

Table 7. Model-free LOD score obtained with ANALYZE and ASPEX

Locus Distance (q) Cumulative
distance (cM)

ANALYZE LOD
score

sib_phase LOD
score independent

sib-pairs

sib_phase LOD
score all sib-pairs

D12S1619 0.0135 0.00 4.54 5.29 7.65

NBG11 0.006 1.37 4.29 5.34 7.70

D12S1666 0.001 1.97 2.77 5.36 7.74

NBG5 0.001 2.07 0.67 5.36 7.74

D12S1721 0.005 2.17 4.48 5.35 7.74

NBG8 0.011 2.67 2.97 4.87 7.00

NBG6 0.0115 3.79 4.05 4.59 6.76

NBG9 0.0035 4.95 2.03 3.72 5.41

NBG10 0.001 5.30 2.00 3.42 5.89

NBG12 0.009 5.40 0.89 3.44 6.11

NBG4 0.001 6.31 2.84 3.71 9.00
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[0131] Model-free results observed with SIMWALK2 are illustrated in Table 8.

[0132] Multipoint results on the strata with ASPEX sib_phase by considering only independent sib-pairs (Figure 1b)
or all sib-pairs (Figure 1c) are shown in Figures 1d and 1e. As previously reported a second peak appeared when all
sib-pairs were observed.
A confidence interval was calculated. GENEFINDER (Liang et al., Am. J. Hum. Genet. 66 (2000), 1631-1641) was used
to estimate the location of the susceptibility gene (say t). The method is based on the IBD (Identity by Descent) sharing
of affected sib-pairs for multiple markers. For the purpose of our analysis, pedigrees were divided into sibship. 56 nuclear
families and 183 sib-pairs were used. Liang KY, Huang CY, Beaty TH (2000) A unified sampling approach for multipoint
analysis of qualitative and quantitative traits in sib pairs. Am J Hum Genet 66:1631-1641
[0133] The GENEFINDER results points to localization of a susceptibility gene for affective disorders at 3.19 6 0.446
cM telomeric to the marker D12S1721 (D12S1721 is approximately located at 136.82 cM on the sex-averaged Marshfield
chromosome 12 map).

[0134] From the strata, 24 nuclei, and 107 sib-pairs were obtained, and the location of the susceptibility gene was
estimated at 3.07 6 0.57 (see map above). The following confidence interval (C.I.) was obtained:

(continued)

Locus Distance (q) Cumulative
distance (cM)

ANALYZE LOD
score

sib_phase LOD
score independent

sib-pairs

sib_phase LOD
score all sib-pairs

NBG3 0.006 6.41 3.89 3.71 9.01

NBG2 7.01 1.91 3.52 8.73

Table 8. Model-free LOD score obtained with SIMWALK2

Locus Distance (q) Cumulative
Distance

(cM)

STAT(A) -Log
(p-value)

STAT(B) -Log
(p-value)

STAT(C) -Log
(p-value)

STAT(D) -Log
(p-value)

D12S1619 0.0135 3,00 2,5963 0,9565 3,2156 2,3584

NBG11 0.006 1.37 3,0698 1,7400 3,7747 3,0103

D12S1666 0.001 1,97 2,9340 1,6546 3,5812 2,7223

NBG5 0.001 2,07 2,9781 1,2722 3,6505 2,7846

D12S1721 0.005 2,17 2,9680 1,2630 3,6844 2,7752

NBG8 0.011 2,67 3,0954 1,0804 3,4399 2,5654

NBG6 0.0115 3,79 3,1632 1,0672 3,2670 2,5956

NBG9 0.0035 4,95 2,2106 1,0137 2,7765 2,4456

NBG10 0.001 5,30 2,5513 1,0251 2,7625 2,1914

NBG12 0.009 5,40 2,4893 0,9868 2,6841 2,0920

NBG4 0.001 6,31 2,9028 1,1312 3,4063 2,8156

NBG3 0.006 6,41 2,9070 1,1326 3,4637 2,8300

NBG2 7,01 2,8430 1,1108 3,3135 2,7978

95% C.I.: [2.32, 4.06];
99% C.I.: [2.03, 4.35]
99.9% C. I.:[1.71, 4.67]

95% C.I.: [1.95,4.19];
99% C.I.: [1.59, 4.55]
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[0135] An association study using the NBG microsatellite markers was done with CLUMP (Sham 8 Curtis, Ann. Hum.
Genet. 59 (1995), 97-105). Samples were distributed as follow: 83 male/case; 124 female/case; 95 male/control; and
101 female/control. One thousand simulations were used to estimate p-values. The observed results are summarized
in Table 9.

[0136] Only the NBG12 marker gave significant association at the 1% level. For the others markers, there was no
single alleles that seems to be associated with bipolar disorder. It seems that no founder-alleles was overly represented
among the affected. There is no significant result for association of genotypes with the NBG markers.
[0137] Further microsatellite marker based association studies using CLUMP was performed on samples containing
additional control and case individuals. One thousand simulations were used to estimate p-values.

(continued)

99.9% C. I.:[1.18, 4.96]

Table 9. Association study using the NBG microsatellite

Locus Sample T1statistic (p-
value)

T2statistic (p-
value)

T3statistic (p-
value)

T4statistic (p-
value)Case Control

NBG11 204 129 0.226 0.562 0.410 0.421

NBG5 206 194 0.972 0.980 0.948 0.971

NBG8 206 194 0.983 1.000 0.994 0.978

NBG6 206 194 0.147 0.074 0.759 0.485

NBG9 206 190 0.512 0.940 0.786 0.583

NBG10 206 190 0.594 0.480 0.403 0.709

NBG12 206 190 0.002 0.019 0.003 0.117

T1 statistic is the usual chi-squared statistic on the raw contingency table
T2 statistic is the usual chi-squared statistic apply on he contingency table obtained after collapsing columns with
small expected values together
T3 statistic is the largest chi-squared statistic got by comparing one column of the original table against the total of
the others columns
T4 statistic is the largest chi-squared statistic got by comparing any combination of alleles against the rest.

Table 9a. Empirical p-values observed with CLUMP for statistics T1 and T3 for allelic and genotypic analyses
of microsatellite markers

Alleles Genotypes

Name Effective T1 (p-value) T3 (p-value) T1 (p-value) T3 (p-value)

case controls

NBG11 204 98 0.250 0.421 0.680 0.553
D12S1666 208 175 0.366 0.543 0.393 0.476
NBG5 213 179 0.969 0.934 0.997 1.000
D12S1721 210 176 0.693 0.463 0.805 0.838
NBG8 213 179 0.754 0.921 0.973 0.929
NBG6 213 179 0.008 0.356 0.172 0.449
NBG9 213 175 0.759 0.768 0.690 0.606
NBG10 213 175 0.521 0.178 0.122 0.173
D12S1349 212 180 0.887 0.864 0.782 0.816
NBG12 213 175 0.002 <10-3 0.018 0.552
NBG4 207 178 0.418 0.506 0.813 0.545
NBG3 209 175 0.171 0.829 0.601 0.897
D12S378 211 180 0.171 0.405 0.540 0.560
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[0138] HWE hypothesis was satisfied at the 5% level for each microsatellite marker after application of the conservative
Bonferroni corrections for multiple testing (Bland & Altman, Brit. J. Med. 310 (1995) 170). Table 9a lists empirical p-
values observed with CLUMP for allele and genotype association analyses. Empirical p-values less than 0.005 were-
observed at marker NBG12 for T1 and T3 statistics under allelic association analysis. T1 statistic suggested allelic
association between bipolar affective disorders and NBG6 (empirical p-value=0.008). Moreover, a barely significant
empirical p-value of 0.023 was observed at the most distal marker D12S2075.
[0139] In conclusion, the parametric and model-free multipoint results suggest to investigate genes located between
D12S1619 and D12S1666. Moreover, according to GENEFINDER results, genes situated centromeric to NBG9 should
be cohsidered for association and linkage disequilibrium analysis. Moreover, positive association was seen with the
NBG6 marker, which is located in intron 9 of the P2X7R gene.

EXAMPLE 2

Physical mapping and Mutation analysis of chromosome 12 associating the P2X7R to Bipolar Affective Dis-
orders

[0140] The most conservative prediction for the disease-associated region is included between markers NBG11 and
NBG2 (see Figure 1a). This region was delimited according to linkage and association analysis described in Example
1, using genethon markers and NBG markers. The approximate length of this region is 5,2 Mb. Two major gaps (between
FLJ10701 and FLJ32372, and between FLJ1466 and MONDOA) were included in this region. At least 73 genes were
listed in this area, where 48 are known genes and 25 are unknown but associated to mRNA and/or EST clusters based
on the last genome assembly available at UCSC (November 2002). Predicted genes were not listed. However, the
estimation of Cl 99% (confidence interval) using GENEFINDER has limited the most interesting region between markers
D12S1666 and NBG9. This genomic region covers 1,6 Mb and includes at least 28 genes, and has no major gap. Thus,
the term fBAD (familial Bipolar Affective Disorders) region was used to describe the genomic segment between D12S1666
and NBG9. Genes found within this region include CaMKK2, CABP, P2X7, P2X4, PIN, PLA2, G1B, CIT, PXN, Rab35,
and APC5. However, given the present art, it would not have been obvious to an ordinary person skilled in the art to
select P2X7R as the gene associated with affective diseases. Other genes from the ones listed above would be obvious.
[0141] For example, the CaMKK2 gene (also known as Ca2+/Calmodulin-dependent protein kinase kinase beta, or
CaMKKb) is a serine/threonine protein kinase involved in Ca2+ dependent signalling pathways. CaMKK2 can activate
in vitro the downstream kinases CaMKIV and CaMKI, which modulate gene transcription through phosphorylation of
transcription factors (e.g., CREB, SRF, MEF2; Corcoran and Means, J. Biol. Chem. 276 (2001), 2975-2978; Soderling,
Trends Biochem. Sci. 24 (1999), 232-236). Its role in the Ca2+ cascade is not critical. Some studies suggest that CaMKs
could be activated without the CaMKKs phosphorylation (Matsushita and Naim, J. Biol. Chem. 274 (1998), 10086-10093).
However, CaMKK phosphorylation step would contribute to amplification of the Ca2+ signal since CaMKK is more
sensitive to activation by Ca2+/Calmodulin, therefore CaMKK would be an important mediator when the levels of intra-
cellular Ca2+ are low (Anderson et al., J. Biol. Chem. 273 (1998), 31880-31889).
[0142] CaMKK2 is an obvious target for depression since prior art suggest that cAMP-dependent signaling pathways
(mediated by PKA activation) is affected in brain from patients with Bipolar Affective Disorders (Field et al., J. Neurochem.
73 (1997), 1704-1710; Rahman et al., J. Neurochem. 68 (1997), 297-304; Takahashi et al., J. Neurosci. 19 (1999),
610-618). According to a study using lymphoblastic cell lines, Bipolar disorder could be related to a elevated intracellular
calcium levels (Yoon et al., Mol. Psychiatry 6 (2001), 678-683). Moreover, some groups found relations between anti-
depressant drugs and CaMK activation (Budziszewska et al., Br. J. Pharmacol. 130 (2000), 1385-1393; Consogno et

(continued)

Alleles Genotypes

Name Effective T1 (p-value) T3 (p-value) T1 (p-value) T3 (p-value)

case controls

NBG2 210 170 0.896 0.749 0.210 0.613
D12S1614 210 179 0.803 0.692 0.710 0.831
D12S342 211 180 0.394 0.740 0.445 0.622
D12S340 209 179 0.890 0.869 0.895 0.838
D12S1639 209 180 0.087 0.170 0.652 0.295
D12S1634 211 181 0.361 0.248 0.505 0.590
D12S2075 203 181 0.023 0.157 0.085 0.451
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al., Neuropsychopharmacology 24 (2001), 21-30; Mori et al., Neuropharmacology 40 (2001), 448-456; Zanotti et al.,
Neuropharmacology 37 (1998), 1081-1089). Furthermore, inhibition of CaMKK by PKA-mediated phosphorylation sug-
gest a close relationship between both pathways (Matsushita et al., J. Biol. Chem. 273 (1999), 21473-21481). These
observations would suggest to a person skilled in the art that CaMKK2 is the gene responsible for bipolar affective disease.
[0143] Another obvious candidate for affective disorders would have been the CABP1 gene which generates four
neuronal Ca2+-binding protein by alternative usage of the 9 coding exons, which are L-CABP, S-CABP, calbrain, and
caldendrin (Haeseleer et al., J. Biol. Chem. 275 (2000), 1247-1260). Their expression is almost totally restricted to brain
tissues. A functional study on calbrain reveals its negative effect on Ca2+/Calmodulin-dependent CaMKII activity by
competitively interacts with the CaM-binding domain of CaMKII (Yamagushi et al., J. Biol. Chem. 274 (1999), 3610-3616).
One would expect similar roles in Ca2+ signaling for other CABP1 alternative products. Participation of CABP1 gene in
Ca2+-dependent signaling pathways would make it obvious to one skilled in the art to select this gene as a candidate
for bipolar affective disorder. However, all CABP1 exons were analyzed for the presence of mutations, and surprisingly
only two mutations were detected in noncoding regions.
[0144] The PIN gene (Protein inhibitor of NOS (Nitric oxide synthase)) is another obvious candidate responsible for
bipolar affective disorder. Nitric oxide (NO) in the brain, may be involved in apoptosis, synaptogenesis, and neuronal
development. Because NO cannot be stored in vesicles like other neurotransmitters, its release is regulated by the
activity of NOS (Nitric oxide synthase). PIN is a direct inhibitor of NOS by binding and destabilizing the active homodimer
complex of NOS (Jaffrey et al., Science 274 (1996), 774-777). PIN is highly conserved throughout the evolution and is
expressed in many cell types. A recent clinical study evaluating plasma nitrate levels in depressive states suggests that
NO production is increased in depression (Suzuki et al., J. Affect. Disord. 63 (2001), 221-224) and may result from a
deficiency in NOS inhibition. Moreover in a mouse model, NO synthase antagonists have been linked to antidepressant
properties (Harkin et al., 1999; Karolewicz et al., Eur. J. Pharmacol. 372 (1999), 215-220). Thus, PIN would be an
obvious However, due to the pleitrophic action of NO, a deficiency in PIN function would generate many unrelated
disorders throughout the body. Thus, without the information presented in the disclosure herein, a person of ordinary
skills in the art would have predicted PIN and not P2X7R as the gene associated with affective disorders.
[0145] The human phospholipase A2 group IB (PLA2G1B) catalyses the release of fatty acids from glycero-3-phos-
phocholines. Phospholipase A2 genes (PLA2) are expressed in many tissues. Some studies have demonstrated asso-
ciations between excessive PLA2 activity in brain and affective disorders (Chang et al., Neurochem. Res. 23 (1998),
887-892; Hibbeln et al., Biol. Psychiatry 25 (1989), 945-961). Moreover, other genetic studies have found associations
between PLA2G1B gene and bipolar affective disorder (Dawson et al., Psychiatr. Genet. 5 (1995), 177-180). Thus,
PLAG1B represent a likely candidate for affective disorders. However in the present example, only a single silent mutation
was found within exon 3 of the PLAG1 B gene.
[0146] The human citron kinase gene, Rho-associated protein (CIT) is a 183 kDa protein which associates to the
GTPase Rho. CIT shares strong similarity with ROCK and ROK proteins which are other Rho-associated kinases
(Madaule et al., Nature 394 (1998), 491-494). Rho GTPases are involved in many processes such as cytoskeletal
organization, membrane trafficking, cell growth, and transcriptional activation (Van Aelst and D’Souza-Schorey, Genes
Dev. 11 (1997), 2295-2322). Studies on brain variants of Citron-K (without the kinase domain) reveal the association
with postsynaptic density proteins (PSD-95), suggesting a role in either synapse organization or function (Zhang et al.,
J. Neurosci. 19 (1999), 96-108; Furuyashiki et al., J. Neurosci. 19 (1999), 109-118).
[0147] The human paxillin (PXN) gene encodes for a 68 kDa protein found in focal adhesions. It is within focal adhesions
where adhesion molecules dynamically interact with the cytoskeleton (Salgia et al., J. Biol. Chem. 270 (1995), 5039-5047).
The signaling pathways that regulate these dynamic interactions begin to be elucidated. Many observations suggest
that paxillin is involved in transducing signals from growth factor receptors to focal adhesions. The paxillin is expressed
in many tissues including brain.
[0148] However as set forth below, the gene causative for affective diseases is identified as being the P2X7 receptor
(P2X7R).
[0149] Mutations were searched in coding sequences and exon-intron boundaries of the above mentioned genes
since such mutations are more likely to give a functionally significant Single Nucleotide Polymorphisms (SNP). The
starting sample was composed of 16 unrelated affected individuals from the Saguenay/Lac St-Jean region, which gives
an 80% power to detect polymorphisms with a frequency of 0.05. To identify polymorphisms, targeted sequences were
first amplified by PCR. Then, PCR products are purified on Whatman GF/C membranes (VWR, Montreal, Canada), and
quantified using the PicoGreen dsDNA quantitation assay (Molecular probes, Oregon, USA). 4 ng of purified PCR
products are sequenced using the DYEnamic ET terminator cycle sequencing kit (Amersham Biosciences, Baie D’Urfé,
Canada). The sequencing products are resolved on an ABI PRISM 3730XL DNA analyzer, and an ABI PRISM 3700
DNA analyzer. The PCR products are sequenced in both directions. The SNPs identified in studied genes are listed in
Table 10.
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Table 10. Mutation analysis between markers D12S1666 and NBG9

Genes Positions Variations Alleles Modifications

Rab35 Exon06 RABE06A 486G-A Silent Asn 162
Rab35 Intron04 RABI04A 51C-T unknown
Rab35 Intron03 RABI03A 33G-A unknown
Rab35 Intron02 RABI02B 85G-A unknown
Rab35 Intron02 RABI02A 76C-G unknown

PXN Exon11 PXNE11A 1527C-T Silent Thr509
PXN Exon06 PXNE06A 750C-T Silent Ser250
PXN Exon02 PXNE02A 217G-A Gly73Ser

PLA2G1B Exon03 PLA2G1BE03A 294C-T Silent Ser98

PIN 5’UTR01 PINUTR01A -49T-G unknown
PIN 5’UTR01 PINUTR01B -80T-C unknown
PIN Intron02 PINI02A 26C-T unknown
PIN Intron02 PINI02B 50C-T unknown

CaBP Intron04 CaBP104A 35C-T unknown
CaBP exon01 CaBPE01A -23A-G unknown

OASL Exon02 OASLE02A 213G-T Silent Gly72
OASL Exon02 OASLE02B 408C-T Silent Leu 136
OASL Exon05 OASLE05A 1042G-A Val348Met
OASL Exon06 OASLE06A 1509G-A Silent Ser503

P2X7R 5’UTR P2XR7UIR5L 362T-C unknown
P2X7R 5’UTR P2XR7UTR5M 532T-G unknown
P2X7R 5’UTR P2XR7UTR5K 1100A-G unknown
P2X7R 5’UTR P2XR7UTR5J 1122A-G unknown
P2X7R 5’UTR P2XR7UTR5I 1171C-G unknown
P2X7R 5’UTR P2XR7UTR5F 135IT-C unknown
P2X7R 5’UTR P2XR7UTR5N 1702G-A unknown
P2X7R 5’UTR P2XR7UTR5G 1731T-G unknown
P2X7R 5’UTR P2XR7UTR5H 1860C-T unknown
P2X7R 5’UTR P2XR7UTR5A 2162C-A unknown
P2X7R 5’UTR P2XR7UTR5B 2238C-T unknown
P2X7R 5’UTR P2XR7UTR5D 2373A-G unknown
P2X7R 5’UTR P2XR7UTR5E 2569G-A unknown
P2X7R 5’UTR P2XR7UTR5C 2702G-A unknown
P2X7R Intron01 P2XR7I01C 3166G-C unknown
P2X7R Intron01 P2XR7I01A 24778C-T unknown
P2X7R Intron01 P2X-R7I01B 24830C-T unknown
P2X7R Exon02 P2XR7v02A 24942T-C Va176Ala
P2X7R Exon03 P2XR7E03A 26188C-T Arg117Trp
P2X7R Intron03 P2XR7I03A 26308A-G unknown
P2X7R Intron03 P2XR7I03B 26422G-A unknown
P2X7R Intron04 P2XR7I04A 32394G-A unknown
P2X7R Intron04 P2XR7v05B 32434T-C unknown
P2X7R Exon05 P2XR7EO5D 32493G-A Gly150Arg
P2X7R Exon05 P2XR7v05A 32507C-T Tyr155His
P2X7R Exon05 P2XR7E05C 32783C-T Silent Cys168
P2X7R Intron05 P2XR7165C 32783A-C unknown
P2X7R Intron05 P2XR7I03D 35309T-C unknown
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(continued)

Genes Positions Variations Alleles Modifications

P2X7R Intron05 P2XR7I05B 35374C-T unknown
P2X7R Intron05 P2XR7I05A 35378A-C unknown
P2X7R Exon06 P2XR7E06A 35438G-A Glu186Lys
P2X7R Exon06 P2XR7E06B 35454T-C Leu191Pro
P2X7R Intron06 P2XR7I06C 35549T-C unknown
P2X7R Intron06 P2XR7I06G 35641G-C unknown
P2X7R Intron06 P2XR7I06D 35725A-C unknown
P2X7R Intron06 P2XR7I06F 36001T-G unknown
P2X7R Intron06 P2XR7I06E 36064A-T unknown
P2X7R Intron06 P2XR7I06A 36091 DelGTTT unknown
P2X7R Intron06 P2XR7I06B 36108C-G unknown
P2X7R Intron07 P2XR7I07A 36374C-T unknown
P2X7R Intron07 P2XR7I07B 36378G-A unknown
P2X7R Intron07 P2XR7I07C 36387T-A unknown
P2X7R Intron07 P2XR7I07D 36398G-C unknown
P2X7R Intron07 P2XR7I07E 37439C-T unknown
P2X7R Intron07 P2XR7I07F 37513T-C unknown
P2X7R Exon08 P2XR7E08C 37604C-T Arg270Cys
P2X7R Exon08 P2XR7v08A 37605G-A Arg270His
P2X7R Exon08 P2XR7v08B 37623G-A Arg276His
P2X7R Exon08 P2XR7E08D 37633C-T Silent ASp279
P2X7R Intron09 P2XR7v11A 47214C-T unknown
P2X7R Exon11 P2XR7v11B 47383G-A Ala348Thr
P2X7R Exon11 P2XR7v11C 47411C-G Thr357Ser
P2X7R Intron11 P2XR7I11D 47563T-C unknown
P2X7R Intron12 P2XR7I12A 54307C-T unknown
P2X7R Intron12 P2XR7I12B 54308G-A unknown
P2X7R Exon13 P2XR7v13F 54399C-T Ala433Val
P2X7R Exon13 P2XR7v13A 54480A-G Gln460Arg
P2X7R Exon13 P2XR7v13B 54523C-T Silent Pro474
P2X7R Exon13 P2XR7v13G 54562DelCCCTGAGAG

CCACAGGTGCCT
Del of 7aa 488 to 494 PESHRCL

P2X7R Exon13 P2XR7v13C 54588A-C Glu496Ala
P2X7R Exon13 P2XR7v13H 54664C-G Silent His521
P2X7R Exon13 P2XR7E13D 54703G-T Silent Leu534
P2X7R Exon13 P2XR7E13J 54804A-T Ile568Asn
P2X7R Exon13 P2XR7v13I 54834G-A Arg578Gln
P2X7R Exon13 P2XR7v13E 54847G-A Silent Pro582
P2X7R 3’UTR P2XR7UTR3A 55169C-A unknown
P2X7R 3’UTR P2XR7UTR3B 55170A-C unknown
P2X7R 3’UTR P2XR7UTR3C 55171A-C unknown
P2X7R 3’UTR P2XR7UTR3D 55917C-T unknown
P2X7R 3’UTR P2XR7UTR3E 54925G-A unknown

P2X4R 5’UTR P2XR4UTR5I -1956G-A unknown
P2X4R 5’UTR P2XR4UTR5H -1649G-A unknown
P2X4R 5’UTR P2XR4UTR5G -800G-A unknown
P2X4R 5’UTR P2XR4UTR5A -648C-A unknown
P2X4R 5’UTR P2XR4UTR5B -537A-G unknown
P2X4R 5’UTR P2XR4UTRSC -437A-G unknown
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(continued)

Genes Positions Variations Alleles Modifications

P2X4R 5’UTR P2XR4UTR5J -206VNRG unknown
P2X4R 5’UTR P2XR4UTR5D -211C-G unknown
P2X4R 5’UTR P2XR4UTR5F -150VNRGGGCCCC unknown
P2X4R 5’UTR P2XR4UTRSE -98G-T unknown
P2X4R Intron01 P2XR4I01A 31G-T unknown
P2X4R Exon02 P2XR4E02A 262G-A Silent mutation Ala87
P2X4R Intron02 P2XR4I02A 4600C-T unknown
P2X4R Intron03 P2XR4I03A 15G-A unknown
P2X4R Intron03 P2XR4I03B 72G-A unknown
P2X4R Exon04 P2XR4E04A 355G-A Ile119Val
P2X4R Exon04 P2XR4E04A 375G-A Silent Val125
P2X4R Intron04 P2XR4104B 17T-C unknown
P2X4R Intron04 P2XR4I04A 32G-A unknown
P2X4R Exon05 P2XR4E05A 465T-C Silent Ser155
P2X4R Exon07 P2XR4E07A 724A-G Ser242Gly
P2X4R Intron08 P2XR4I08A DelT unknown
P2X4R Exon09 P2XR4E09A 944A-G Tyr315Cys
P2X4R Intron10 P2XR4I10A 11G-T unknown
P2X4R Intron10 P2XR4I10B G-C unknown
P2X4R Intron10 P2XR4I10C A-G unknown
P2X4R Intron11 P2XR4I11B C-G unknown
P2X4R Intron11 P2XR4I11C T-A unknown
P2X4R Intron11 P2XR4I11A 374C-T unknown

CaMKK2 3’UTR CaMKK2UTR3bA 733C-T unknown
CaMKK2 3’UTR CaMKK2UTR3aB 390G-A unknown
CaMKK2 3’UTR CaMKK2UTR3aA 239G-A unknown
CaMKK2 Intron15 CaMKK2I15B 325T-C unknown
CaMKK2 Intron15 CaMKK2I15A 169G-A unknown
CaMKK2 Intron14 CaMKK2I14A 224A-G unknown
CaMKK2 Intron 10 CaMKK2I10A 156DelGTGATCCGCCT G unknown
CaMKK2 intron09 CaMKK2109B 528A-G unknown
CaMKK2 intron09 CaMKK2I09A 521 A-G unknown
CaMKK2 Exon09 SNP6f18v5 1095C-A Silent Ile365
CaMKK2 Exon09 SNP6f18v4 1087C-T Arg363Cys
CaMKK2 Exon05 CaMKKE05A 687C-T Silent Pro229
CaMKK2 Intron03 CaMKK2103A 10C-T unknown
CaMKK2 Intron02 CaMKK2I02A 39C-T unknown
CaMKK2 Intron01 CaMKK2I01B 2911G-C unknown
CaMKK2 Intron01 CaMKK2101A 89C-A unknown
CaMKK2 Exon01 SNP6f18v2 253A-T Thr85Ser
CaMKK2 Exon01 SNP6f18v1 29G-A Ser10Asn
CaMKK2 5’UTR01 CaMKK2UTR01B 253T-C unknown
CaMKK2 5’UTR01 CaMKK2UTR01A 63C-A unknown

APC5 Intron01 APC5I01A 10G-T unknown
APC5 Intron01 APC5I01B 50A-T unknown
APC5 Intron05 APC5I05A 73T-C unknown
APC5 Intron06 APC5I06A 73T-G unknown
APC5 Exon11 APC5E11A 1416C-T Silent His472
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[0150] Each SNP in genes Rab35, PXN, PLA2G1B, PIN, CaBP, OASL, P2X4R, CaMKK2 and APC5 was designated
according to the gene where it was found, and its location in that gene (intronic or exonic regions). Each SNP in the
P2X7R gene was designated according to their position on SEQ ID NO: 1. The allele describes the position and the
variation observed. In coding regions, the position is relative to the start codon, whereas the intronic SNPs are positioned
relative to the beginning of the corresponding intron (when known). Primers used for identifying the SNPs in the P2X7R
and the location of each SNPs included in tables 2 and 12 are defined in table 1a and SEQ ID NOs 52 to 111.
[0151] Association studies using missense SNPs were performed. Missense SNPs or SNPs that could be close to
the splice sites were used, because it is more likely that diseases would be associated to an improper function in proteins.
Case group was composed by bipolar I individuals, schizoaffective bipolar type (182 subjects) and bipolar II diagnosed
persons (31 subjects). Many controls from the Saguenay/Lac-St-Jean region, were sampled from Steinert, Glaucoma
and Paget DNA banks. The control individuals were not diagnosed for affective disorders. According to the lifetime risks
of bipolar disorders (1%), there is no need to screen controls for psychiatric disorders.
[0152] Direct sequencing of PCR products is by far the most accurate method of analysis and is the method of choice
in view of our sequencing platform capacity. PCR products were analyzed by direct sequencing as described above.
After sequencing analysis, individuals are automatically typed for the corresponding SNP using a home-developed
program, GENO.pl. The results of SNP genotyping are compiled in a 4D database.
[0153] The association hypothesis was tested with CLUMP (Sham & Curtis 1995, Ann. Hum. Genet. 59:97-105). One
thousand simulations were used to estimate p-values. Results are illustrated in table 11. The T1 statistic, which is the
usual chi-squared statistic on the raw contingency table, was used to test for allelic association. Moreover, the largest
chi-squared statistic got by comparing one column of the original table against the total of the other columns, called T3
statistic, was added to the previous one to test for potential genotype association since T1 statistic results may be biased
when the contingency table contains cells with low values.

[0154] The association studies using SNPs in P2X7, P2X4, and CaMKK2 reveal associations significant at level of
about 5% or less. Three genotype associations in P2X7 were observed. However, SNPs P2XR7v11B and P2XR7v13E
are closely linked together based on a contingency table. There is also an allele association at level of 5,7% for SNP6f18v2
in CaMKK2. The information associated to each relevant SNP can be found in Tables 10 and 12.
[0155] Further association studies using CLUMP were performed on samples that contain more case and control
individuals. One thousand simulations were used to estimate p-values.

Table 11. Association hypothesis using CLUMP

Effective Allele Analysis Genotype Analysis

gene SNPs Cases Controls p-value (T1) p-value (T2) p-value (T3)

P2X7R P2XR7v11B 208 211 0.795 0.036 0.028
P2XR7v13A 212 214 0.344 0.250 0.186
P2XR7v13E 212 211 0.780 0.017 0.017

CAMKK2 SNP6f18v5 206 135 1.00 1.00 1.00
SNP6f18v4 206 135 0.816 0.962 0.841
SNP6f18v2 205 135 0.057 0.110 0.095
SNP6f18v1 206 135 0.512 0.532 0.385

Table 11a. Empirical p-values and odds ratio (OR) with 95% confidence interval observed with CLUMP for
alleles and genotypes analysis of SNPs

Gene
Marker(marker

rank)
Allele

Frequencies

Effective Alleles Genotypes

T1 p-
value OR

OR 95% CI T1 T3

case Controls p-
value

p-
value

P2XR7 P2XR7UTR5F
(1)

C (0.18); T
(0.82)

212 208 0.280 1.21 0.86-1.71 0.067 0.069

P2XR7UTR5G
(2)

G (0.09); T
(0.91)

211 204 0.481 1.19 0.76-1.87 0.261 0.231
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(continued)

Gene
Marker(marker

rank)
Allele

Frequencies

Effective Alleles Genotypes

T1 p-
value OR

OR 95% CI T1 T3

case Controls p-
value

p-
value

P2XR7UTR5H
(3)

C (0.95); T
(0.05)

210 202 0.549 1.19 0.67-2.13 0.768 0.582

P2XR7UTR5A
(4)

A (0.05); C
(0.95)

210 207 0.526 1.26 0.68-2.34 0.754 0.517

P2XR7UTR5B
(5)

C (0.78); T
(0.22)

211 207 0.629 1.09 0.79-1.50 0.104 0.128

P2XR7UTR5D
(6)

A (0.96); G
(0.04)

211 205 0.268 1.43 0.77-2.65 0.598 0.240

P2XR7UTR5E
(7)

A (0.04); G
(0.96)

211 210 0.658 1.23 0.65-2.33 0.139 0.234

P2XR7UTR5C
(8)

A (0.22); G
(0.78)

208 210 0.889 1.04 0.75-1.44 0.168 0.293

P2XR7I01B (9) C (0.98); T
(0.02)

210 207 0.352 1.71 0.67-4.39 0.348 0.348

P2XR7v02A
(10)

C (0.05); T
(0.95)

211 208 0.189 1.49 0.84-2.64 0.397 0.167

P2XR7104A
(11)

A (0.01); G
(0.99)

211 211 0.344 0.25 0.03-2.23 0.356 0.356

P2XR7v05B
(12)

C (0.75); T
(0.25)

212 211 0.854 1.03 0.76-1.41 0.234 0.335

P2XR7E05D
(13)

A (0.01); G
(0.99)

211 211 0.726 1.51 0.42-5.38 0.735 0.735

P2XR7v05A
(14)

C (0.48); T
(0.52)

211 209 0.638 1.07 0.82-1.40 0.895 0.895

P2XR7E05C
(15)

C (0.97); T
(0.03)

210 211 0.195 0.45 0.16-1.31 0.349 0.276

P2XR7107E
(16)

C (0.64); T
(0.36)

208 214 0.394 0.87 0.66-1.16 0.057 0.064

P2XR7v08A
(17)

A (0.24); G
(0.76)

210 212 0.221 1.22 0.90-1.67 0.433 0.496

P2XR7v08B
(18)

A (0.05); G
(0.95)

210 213 0.386 0.71 0.36-1.41 0.520 0.662

P2XR7V11A
(19)

C (0.88); T
(0.12)

213 149 0.394 0.80 0.50-1.29 0.387 0.463

P2XR7v11B
(20)

A (0.36); G
(0.64)

208 211 0.795 1.04 0.79-1.38 0.036 0.028

P2XR7v11C
(21)

C (0-89); G
(0.11)

211 212 0.409 0.82 0.52-1.28 0.303 0.661

P2XR7v13F
(22)

C (0.99); T
(0.01)

196 207 0.030 3.24 1.04-10.12 0.039 0.039

P2XR7v13A
(23)

A (0.84); G
(0.16)

212 214 0.344 1.21 0.85-1.72 0.250 0.186
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(continued)

Gene
Marker(marker

rank)
Allele

Frequencies

Effective Alleles Genotypes

T1 p-
value OR

OR 95% CI T1 T3

case Controls p-
value

p-
value

P2XR7v13B
(24)

C (0.89); T
(0.11)

207 212 0.494 0.83 0.53-1.31 0.315 0.699

P2XR7v13C
(25)

A (0.77); C
(0.23)

211 213 0.731 0.95 0.68-1.31 0.557 0.616

P2XR7V13H
(26)

C (0.98); G
(0.02)

211 213 0.238 1.75 0.68-4.49 0.236 0.236

P2XR7E13D
(27)

G (0.89); T
(0.11)

211 213 0.435 0.82 0.53-1.28 0.268 0.680

P2XR7E13J
(28)

A (0.03); T
(0.97)

204 199 0.179 0.48 0.16-1.42 0.329 0.329

P2XR7v13E
(29)

A (0.36); G
(0.64)

212 213 0.841 1.04 0.79-1.37 0.026 0.025

P2XR7UTR3E
(30)

A (0.04); G
(0.96)

205 197 1.000 0.96 0.45-2.04 1.000 1.000

P2XR7UTR3A
(31)

A (0.47); C
(0.53)

208 209 0.932 0.99 0.75-1.30 0.264 0.239

P2XR7UTR3B
(32)

A (0.92); C
(0.08)

208 210 0.174 0.65 0.38-1.14 0.151 0.303

P2XR7UTR3C
(33)

A (0.95); C
(0.05)

208 210 0.395 0.71 0.36-1.40 0.508 0.667

P2XR4 UTR5A A (0.18); C
(0.82)

212 210 0.285 0.82 0.57-1.18 0.514 0.484

UTR5B A (0.69); G
(0.31)

212 210 0.670 0.93 0.70-1.25 0.833 0.833

106A C(0.84);T
(0.16)

207 192 0.212 0.78 0.53-1.16 0.398 0.217

E07A A (0.84); G
(0.16)

212 208 0.294 0.81 0.55-1.19 0.536 0.479

UTR3A C(0.74);G
(0.26)

211 203 0.015 1.50 1.11-2.02 0.021 0.014

UTR3B A (0.97); T
(0.03)

211 209 0.653 0.81 0.33-1.97 0.649 0.649

UTR3C C (0.03); G
(0.97)

211 209 0.653 0.81 0.33-1.97 0.672 0.672

CAMK
K2

E09B A (0.03); C
(0.97)

208 214 0.830 0.85 0.36-2.00 0.829 0.829

E09A C (0.83); T
(0.17)

208 214 0.202 0.78 0.54-1.14 0.446 0.473
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[0156] Thirty-three SNPs in P2X7R, seven SNPs in P2X4R, and four SNPs in CAMKK2, with minor allele frequency
higher or equal to 1% were genotyped (Table 11a). The genotype distributions of these SNPs did not deviate significantly
from HWE. At the 5% level, statistically significant increases of minor allele frequency were observed in the bipolar
affective disorder group at p2XR7v13F (p-value=0.030, OR=3.24, 95% Cl=1.04-10.12), P2XR4UTR3A (p-value=0.015,
OR=1.50, 95% Cl=1.11-2.02) and CAMKK2E01B (p-value=0.048, OR=1.33, 95% Cl=1.01-1.76). The distribution of
genotypes at SNPs P2XR7v13F and P2XR4UTR3A also differed significantly at this level for T1 and T3 statistics, with
an increase of heterozygotes in the case sample. One SNP from exon 11 of P2X7R, P2XR7v11B, and another from
exon 13, P2XR7v13E, displayed difference in genotype distributions with minimum p-value of 0.028 and 0.025 observed
both with T3 statistic. Again, increase in heterozygote frequency of 12% and 13% were respectively observed in the
bipolar sample at these polymorphisms.
[0157] Significant haplotypic association tests led to p-values less than 0.5% for different SNP groups overlapping
the P2X7R gene (Table 11b). Considering the SNPs collection ranging from SNP32507 to SNP54847 (table 11 c) as
an example for haplotype distribution, we observed the largest difference of frequencies between cases and controls
with the haplotype no 1 (table 11d). The haplotype no 2 is another example of haplotype that is more frequently observed
in cases group. On the other hand, the frequency for haplotype no 3 is slightly increased in control sample (difference
of frequencies = 0.091). Table 11e presents the peptidic products derived from the nucleotidic haplotypes shown in table
11d.

(continued)

Gene
Marker(marker

rank)
Allele

Frequencies

Effective Alleles Genotypes

T1 p-
value OR

OR 95% CI T1 T3

case Controls p-
value

p-
value

E01B A (0.35): T
(0.65)

207 214 0.048 1.33 1.01-1.76 0.126 0.218

E01A C (0.93); T
(0.07)

208 214 0.189 1.44 0.86-2.39 0.439 0.237

Table 11b. Haplotypes showing allelic association significant at the 0.5% level for T1 or T3 statistics.

Haplotype (marker
ranks1)

#SNPs
Distance2 Haplotype effective T1 statistic T3 statistic

#haplotype3

(bp) case control (p-value) (p-value)

P2XR7101B-
P2XR7v13A (9-23)

15 29618 361 257 0.0003 0.0252 20

P2XR7v02A-
P2XR7v13B (10-24)

15 29550 361 260 0.00008 0.0294 20

P2XR7104A-
P2XR7v13C (11-25)

15 22164 360 264 0.0003 0.0323 19

P2XR7v05B-
P2XR7v13H (12-26)

15 22200 361 265 0.0004 0.0065 18

P2XR7E05D-
P2XR7E13D (13-27)

15 22180 365 268 0.0035 0.0287 16

P2XR7v05A-
P2XR7E13J (14-28)

15 22267 352 246 0.0007 0.0163 15

P2XR7E05C-
P2XR7v13E (15-29)

15 22269 353 250 0.0012 0.0200 10
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(continued)

Haplotype (marker
ranks1)

#SNPs
Distance2 Haplotype effective T1 statistic T3 statistic

#haplotype3

(bp) case control (p-value) (p-value)

P2XR7107E-
P2XR7UTR3E

(16-30)

15 17452 355 247 0.0020 0.0192 11

1 The marker ranks of SNPs in the haplotype indicated in table 11b refer to those genotyped in table 11a
2 Distance between the two most distal SNPs of the haplotype
3 Number of haplotypes with frequencies > 1 % in case or control groups.

Table 11c. Position and Allele for haplotype-forming SNPs. Haplotypes are described in table 11d.

SEQ ID NO Polymorphism Position

1 C-T 32507

1 C-T 32548

1 C-T 37439

1 G-A 37605

1 G-A 37623

1 C-T 47214

1 G-A 47383

1 C-G 47411

1 C-T 54399

1 A-G 54480

1 C-T 54523

1 A-C 54588

1 C-T 54664

1 G-T 54703

1 T-A 54804

1 G-A 54847
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EXAMPLE 3

Polymorphisms found in the P2X7R in individuals suffering from depression

[0158] Association studies using SNPs in the P2X7R gene was performed in a case/control sample (535 individuals)
from a German population. The case group was composed of 36 individuals diagnosed with bipolar type I or type II, and
279 individuals diagnosed with unipolar disorders (i.e. depression) representing 133 affected males and 182 affected
females. Among controls, we count The remaining 220 control individuals were normal (i.e. diagnosed as non depressive),
and comprising 81 males, 182 females and 14 of unknown gender. The same sexual distribution was noted in both groups.
[0159] SNPs were identified in this sample by using a subgroup of 24 affected individuals. SNPs in the P2X7R gene
detected in the German population were similar if not identical to the SNPs seen in the Saguenay/Lac-St-Jean population
(see table 12). Other rare missense SNPs were also noted in the German population, such as Arg117Trp. (P2XR7E03A),
Glul86Lys (P2XR7E06A), Leu191Pro (P2XR7E06B), Ile568Asn (P2XR7E13J). These amino acids are quite conserved
between ortholog P2X7 genes. It is possible that the Ile568Asn (P2XR7E13J) mutation may be involved in the surface
expression of P2X7.
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[0160] The position and numbering of the polymorphism corresponds to the human P2X7R gene as defined in SEQ
ID NO: 1. To identify the genomic organization of the P2X7R gene, BAC clones were firstly organized using known
polymorphic markers, sequence tag sites (STSs), BAC-end sequences and expressed sequence tags (ESTs). Unori-
entated and unordered DNA regions were reassembled into a sequences using Phrap and reordered the pieces using
P2X7R exons as scaffolds. No complete gene organization for P2X7R has been done. There is only a partial gene
structure from exon6 to 13, NT_037809. Therefore, this genomic sequence encompassing the P2X7R gene as depicted
in SEQ ID NO: 1 could contain some sequence errors, specifically in intronic regions. Primers used for SNP amplification
and sequencing are shown in Table 1a and depicted in SEQ ID NOs: 52 to 111.
[0161] Statistical analysis was performed according to the CLUMP method (Sham & Curtis 1995, Ann. Hum. Genet.
59:97-105). Table 13 resumes the allelic and genotypic association studies for SNPs in P2X7 gene.

Table 13. Allelic and genotypic association studies using CLUMP

Effective Allele Analysis p-
value (T1)

Genotype Analysis

Locus Allele Frequencies* Cases Controls p-value
(T1)

p-value
(T3)

P2XR7UTR5F 2(0.23); 4(0.77) 311 217 0.109 0.319 0.339
P2XR7UTR5N 1(0.001); 3(0.999)** 314 218 0.038 0.048 0.048
P2XR7UTR5G 2(0.001); 3(0.105); 4

(0.894)
314 218 0.993 0.714 0.761

P2XR7UTR5H 2(0.92); 4(0.08) 312 215 0.743 0.884 0.754
P2XR7UTR5A 1(0.08); 2(0.92) 312 219 0.557 0.786 0.678
P2XR7UTR5B 2(0.73); 4(0.27) 310 218 0.485 0.761 0.814
P2XR7UTR5D 1(0.92); 3(0.08) 311 217 0.555 0.787 0.691
P2XR7v02A 2(0.09); 4(0.91) 313 218 0.501 0.729 0.591
P2XR7I04A 1(0.04); 3(0.96) 314 220 0.604 0.433 0.348
P2XR7v05B 2(0.69); 4(0.31) 314 220 0.133 0.270 0.325
P2XR7E05D 1(0.03); 3(0.97) 314 220 0.842 0.827 0.827
P2XR7E05E 1(0.006); 3(0.994)** 314 220 0.048 0.045 0.045
P2XR7v05A 2(0.60); 4(0.40) 314 220 0.038 0.144 0.219
P2XR7E05C 2(0.98); 4(0.02) 314 220 1.000 1.000 1.000
P2XR7I07F 2(0.002); 4(0.98) 315 219 1.000 1.000 1.000
P2XR7v08A 1(0.23); 3(0.77) 315 219 0.454 0.673 0.634
P2XR7v08B 1(0.02); 3(0.98) 315 219 0.636 0.638 0.638
P2XR7v11A 2(0.95); 4(0.05) 311 218 0.348 0.391 0.436
P2XR7v11B 1(0.45); 3(0.55) 312 218 0.605 0.803 0.790
P2XR7v11C 2(0.93); 3(0.07) 312 218 0.793 0.256 0.924
P2XR7I11D 2(0.45); 4(0.55) 312 219 0.665 0.735 0.740
P2XR7v13A 1(0.87); 3(0.13) 305 215 0.017 <0.001 <0.001
P2XR7v13B 2(0.93); 4(0.07) 305 216 1.000 0.228 0.677
P2XR7V13C 1(0.91); 2(0.09) 305 216 0.151 0.006 0.008
P2XR7E13D 3(0.94); 4(0.06) 315 219 0.402 0.429 0.474
P2XR7E13J 1(0.01); 4(0.99) 315 219 0.618 0.603 0.603
P2XR7E13I 1(0.004); 3(0.996) 315 219 0.999 1.000 1.000
P2XR7v13E 1(0.46); 3(0.54) 314 219 0.699 0.866 0.845

P2XR7UTR3A 1(0.518); 2(0.482) 314 219 0.617 0.850 0.875
P2XR7UTR3B 1(0.966); 2(0.034) 313 219 0.522 0.850 0.643
P2XR7UTR3C 1(0.979); 2(0.021) 313 219 0.636 0.505 0.382
P2XR7UTR3E 1(0.02); 3(0.98) 315 219 0.147 0.161 0.161

*The column Allele Frequencies presents the allele for each SNP (A=1, C=2, G=3, T=4) and their respective frequency.
** For this SNP we observed a zero cell in both (allele and genotype) 2X2 contingency tables. p-value <0.045 was
observed exact Fisher test.
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[0162] For the SNP analysis, the Hardy-Weinberg (HW) equilibrium was controlled in the control samples. The Hardy-
Weinberg principle (HWP) may be stated as follow: In a large, randomly mating population, in which there is no migration,
or selection against a particular genotype and the mutation rate remains constant, the proportions of the various genotypes
will remain unchanged from one generation to another. Take a two allele system with alleles A and a. If the proportion
of A in the population is represented as p and the proportion of a as q, then p plus q represent the sum total of alleles
at this locus, that is p+q=1. The HWP is useful to evaluate some population problems like marital assortment, Inbreeding,
population stratification, admixture, decreased viability of a particular genotype. The SNP P2XR7v13A did not respect
the Hardy-Weinberg equilibrium.
[0163] The association hypothesis was also tested using an allele positivity table known to be suitable for the detection
of susceptibility alleles showing a dominant mode of inheritance (Ohashi and Tokunaga, J. Hum. Genet. 44 (1999),
246-248; Ohashi et al., Ann. Hum. Genet. 65 (2001), 197-206). Similar results were obtained using this method as those
obtained using the allele frequency tables, with the exception of P2XR7v05A where the p-values were 0.253. Thus,
P2XR7v05A presented a less significant association in this analysis. This difference can be attributed to the mode of
inheritance.
[0164] The proportion of unipolar individuals in analysis of the German population is quite important since the American
Psychiatric Association (Diagnostic and Statistical Manual of Mental Disorders-4th Edition Text Revision (DMS-IV-TR),
American Psychiatric Press, 2000) has reported an increase in susceptibility for unipolar disorders in female groups. To
determine whether the sexual variable could influence the association analysis, additional association studies were
performed by controlling the sexual parameter. Normal individuals in the German population without gender information
were omitted from the study. Then, a logistic regression model was derived by including the sex as factor. In order to
obtain a model that is as stable as possible, the regression model was minimised by using the difference between log-
likelihood’s for models with or without interaction (Hosmer, and Lemeshow, "Applied logistic regression", John Wiley
and Sons, 1989). The strategy used for handling the zero cells from contingency tables was to eliminate associated
category completely. Calculations were done with SAS v8.0 SAS is a statistical software package that allows the user
to manipulate and analyze data in many different ways. Because of its capabilities, this software package is used in
many disciplines, including medical sciences, biological sciences, and social sciences.
[0165] The introduction of a sexual parameter did not perturb the association already observed in previous analysis.
Moreover, this analysis model revealed additional results: a potential allele association with P2XR7v05B (p=0.064), and
a genotypic association for P2XR7v08A (p=0.042) was observed.
[0166] Association studies using pooled samples was performed by merging individuals from the samples of the
Saguenay/Lac St-Jean with those of the German population. Results are illustrated in table 14. The aim of this analysis
is to highlight common features between both populations. However, according to differences between both samples
(mainly the phenotype of affected individuals i.e. bipolar disorder in the Saguenay/Lac St-Jean samples, versus mostly
unipolar disorder in the German population) some parameters were controlled, including sex and ethnicity. The modelling
strategy for logistic regressions was described above.

Table 14. Association studies using pooled samples from both populations

Locus Allele analysis Genotype analysis

p-value for SNP p-value for sex p-value for SNP p-value for sex

P2XR7v02A 0.8254 0.0085 0.8650 0.4531

P2XR7v05B 0.1751 0.3714 0.2034 0.5110

P2XR7v05A 0.3808 0.0266 0.0885 0.1392

P2XR7v08A 0.0452 0.0041 0.1021 0.3452

P2XR7v08B 0.3471 0.0040 0.3413 0.3617

P2XR7v11A 0.3559 0.0136 0.5888 0.4404

P2XR7v11B 0.5902 0.0093 0.3897 0.4302

P2XR7v11C 0.3731 0.0094 0.7648 0.4615

P2XR7v13A 0.0047 0.0209 <0.0001 0.4814

P2XR7v13B 0.5129 0.2352 0.9584 0.4092

P2XR7v13C 0.2466 0.0284 0.2225 0.4228

P2XR7v13E 0.8168 0.0159 0.3713 0.4990
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[0167] An allelic and genotypic association was observed for the P2XR7v13A locus (p=0.0047) which was stronger
than in the separate analyses. A significant allelic association was also noted for the P2XR7v08A locus (p=0.0452). In
addition, the present analysis also demonstrate the potential relationship between SNP P2XR7v05A and the origin with
a p-value= 0.0515 (not shown in the table) which is in agreement with previous association analysis done in both samples
separately (see Table 13).
[0168] The haplotype analysis was performed using the German population. The PHASE program (Stephens et al.,
Am. J. Hum. Genet. 68 (2001), 978-989) was used to estimate SNPs haplotypes within exons of the P2X7R gene.
Haplotypes were created for each exon having more than one associated SNP (see Table 15 for exon-associated SNPs).
Case groups varied from 218-220 individuals, whereas control groups varied between 312-316 individuals. Association
hypothesis was tested with the CLUMP method since many haplotypes were created for each exon. T1 and T3 statistic
tests performed as described above. T2 and T4 statistics were also calculated owing to the presence of small effective
cells in the contingency tables. T2 statistic is the usual chi-squared statistic applied on the contingency table obtained
after collapsing columns with small expected values. T4 statistic is the largest chi-squared statistic obtained by comparing
one column of the original table against the total of the other columns. One thousand simulations were used to estimate
p-values. The resulting data was analyzed with the logistic regression model (describe above) using SAS V8.0 in order
to consider the sexual parameter (for these tests the sample was reduced by 14 normal individuals). However, this
analysis method is limited by the reliability of reconstructed haplotypes.

Table 15. Exon-associated SNPs

Exons Associated SNPs

5 P2XR7E05D
P2XR7E05E
P2XR7v05A
P2XR7E05C

8 P2XR7v08A
P2XR7v08B

11 P2XRv11B
P2XRv11C

13 P2XR7v13A
P2XR7v13B
P2XR7v13C
P2XR7E13D
P2XR7E13J
P2XR7v13I
P2XR7v13E

Table 16. Genotypic association with haplotypes in exon 13 of P2X7R

Exon (haplotype) Allele analysis Genotype analysis

Clump* p-value(sex) p-value(haplo) Clump p-value(sex) p-value(haplo)

T1:0.032 0.3133 0.1947 T1:0.193 0.460 0.5355
T2:0.068 T2:0.159
T3:0.054 T3:0.099

5(5) T4:0.059 T4:0.304

T1:0.551 0.3813 0.3064 T1:0.812 0.5428 0.6652
T2:0.585 T2:0.689
T3:0.646 T3:0.644

8(3) T4:0.646 T4:0.756

T1:0.750 0.0886 0.7396 T1:0.625 0.2305 0.9494
T2:0.786 T2:0.919
T3:0.726 T3:0.929
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[0169] Table 16 illustrates a genotypic association with haplotypes in exon 13 of the P2X7R genes. Interestingly,
many haplotypes for the exon 13 were observed. The differences between statistics in exon 13 (T3 less significant) can
be explained by the involvement of more than one genotype of haplotypes in the disease. A potential allelic association
was also noted with haplotypes in exon 5 of the P2X7R gene.
[0170] The following are clinical results illustrating the functional consequences of polymorphisms in P2X7R.
The development and course of depression is causally linked to impairments in the central regulation of the hypothalamic-
pituitary-adrenocortical (HPA) axis. Abnormalities in the HPA axis can be measured using the dexamethasone-suppres-
sion test (DST) or the combined dexamethasone/corticotropin-releasing hormone (Dex/CRH) test. Changes in cortisol
and/or adrenocorticotropic hormone (ACTH) measurements during the DST or Dex/CHR test are indicative of HPA
dysfunction in depressed patients (Heuser et al, J. Psychiat. Res. 28 (1994) 341-356; Rybakowski and Twardowska, J.
Psychiat. Res. 33 (1999) 363-370; Zobel et al, J. Psychiat. Res. 35 (2001) 83-94; Künzel et al, Neuropsychopharmacology
28 (2003) 2169-2178). In order to demonstrate that P2X7R SNPs associated with affective disorders also correlate with
changes in the HPA axis, cortisol and ATCH levels in response to the DST and Dex/CRH text were measured for the
P2XR7v13A and P2XR7v13C SNPs. P2XR7v13A,consist of an A to G nucleotide change resulting in a Gln460Arg
modification in the P2X7R protein. The P2XR7v13C SNP corresponds to an A to C nucleotide change resulting in a
Glu496Ala modification that has been shown to drastically reduce protein activity (Wiley et al, Drug Dev. Res. 53 (2001)
72-76).
[0171] Methods and conditions for performing the DST and Dex/CRH test are well known in the art, see for example
Heuser et al, J. Psychiat. Res. 28 (1994) 341-356; Kunzel et al, Neuropsychopharmacology 28 (2003) 2169-2178.
Briefly, individuals were pre-treated at 23:00 with an oral administration of 1.5 mg dexamethasone. For the DST test, a
blood sample was drawn at 8:00 prior to to dexamethasone administration (i.e. pre-dexamethasone) and at 8:00 the
morning following dexamethasone administration (i.e. post-dexamethasone). For the Dex/CRH test, a venous catheter
was inserted at 14:30 the day following dexamethasone administration and blood was collected at 15:00, 15:30, 15:45,
16:00, and 16:15 into tubes containing EDTA and trasylol (Bayer Inc., Germany). At 15:02, 100 mg of human CRH
(Ferring Inc., Germany) was administered intravenously. Measurement of plasma cortisol concentrations was done
using a commercial radioimmunoassay kit (ICN Biomedicals, USA) while plasma ACTH concentrations was measured
using a commercial immunometric assay (Nichols Institute, USA). Both assays were performed according to the man-
ufacturer specifications.
[0172] For the P2XR7v13A SNP, a decrease in basal cortisol levels was seen at admission in individuals with an AG
or GG allele when compared to individuals with the AA allele (Figure 1f). During the Dex/CRH test, a reduction in cortisol
and ATCH response was measured in individuals with the GG allele when compared to individuals with an AA or AG
allele (Figures 1g and 1h).
[0173] Furthermore, response to antidepressant treatment was delayed in GG individuals (figure 1i).
[0174] For the P2XR7v13C SNP, an increase in basal cortisol levels was measured post-dexamethasone adminis-
tration (Figure 1j). During the Dex/CRH test, individuals with the CC allele displayed elevated cortisol response (Figure
1k), but reduced ATCH response (Figure 1I) when compared to AA and AC individuals. These results are indicative of
mysregulation of the HPA axis.
[0175] Thus, SNPs in P2X7R correlate with dysfunction in the HPA axis and demonstrate the functional and clinical
consequences of polymorphisms in P2X7R.

(continued)

Exon (haplotype) Allele analysis Genotype analysis

Clump* p-value(sex) p-value(haplo) Clump p-value(sex) p-value(haplo)

11(3) T4:0.726 T4:0.921

T1:0.088 0.1871 0.1264 T1:0.001 0.4610 0.019
T2:0.079 T2:0.002
T3:0.147 T3:0.057

13(15**) T4:0.072 T4:<0.001

*T1 test should not be consider ed because of contingency tables with zero cells.
**Among these 15 haplotypes, we observed 8 haplotypes where case cells have less than 3 individuals.
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EXAMPLE 4

P2X7R gene structure and mRNA expression and transcript sequence

[0176] A 1700 bp nucleotide sequence corresponding to the human P2X7R promoter was analyzed by using Matin-
spector V2.2 and Transfac 4.0 algorithms. This analysis showed that the P2X7R gene does not contain a standard TATA
box, but has SP1 sites that can make up for transcriptional initiation. Besides the SP1 sequences, there are binding
sites for the transcription factors GATA, Oct and lkarus. These sites are thought to provide tissue specificity. Interestingly,
the P2X7R promoter has binding sites that suggest responsiveness to different cytokines such as AP-1, NFAT and
CEBPB.
[0177] P2X7R possesses 13 exons and 12 introns (Buell et al., Receptors Channels 5 (1998), 347), providing a basis
for alternative splicing that would yield in theory different transcripts and produce different isoforms with possible different
functions. No alternatively spliced variant was clearly identified. However, experiments of EST clustering allowed the
description of three splicing variants. One is defined by the lack of the exon 5. This P2X7v02 variant corresponds to the
clone IMAGE: 3628076 isolated from brain-derived cell lines. The P2x7v02 lacking the exon 5 produces a frame shift,
thus generating a shorter polypeptide. The second splicing variant, P2X7v03, is characterized by the presence of the
short intron 10 into the mRNA. This variant is supported by two high quality sequences, the cDNA clone BRAMY2008977
(AC number: AK090866) from human amygdala and the EST clone dbEST:7339877 derived from an unknown human
tumor. The last variant, P2X7v04, is defined by the lack of the first exon that suggests an alternative promoter usage
closed to the exon 2. A high quality EST clone dbEST:4782844 derived form a head and neck tumor supports this
variant. These variants are shown in Figures 16a to 16e.
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[0178] Therefore the transcriptional and translational start sequences of the human P2X7R were analyzed using Blast,
Genescan and HMMgene computer software. This analysis indicated that P2X7R possesses with high probability only
one translation start site. Most P2X7R expression sequence tags (ESTs; Unique cluster. Hs. 193470) having a reliable
5’ end showed identical transcriptional start site. None of the ESTs showed any indication of alternative splicing. Therefore,
in silico analysis suggests that there is a low probability to find different transcripts produced by alternative splicing or
alternative promoter usage.
[0179] The above mentioned in silico data were confirmed by RT-PCR analysis spanning the whole predicted human
P2X7R coding sequence using 14 and 19 bases (5’-ATGCCGGCTTGCTG-3’; 5’-GTAGGGATACTTGAAGCCA-3’) ol-
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igonucleotides corresponding to the beginning and end of the coding sequence, respectively. Total RNA from whole
brain, different dissected brain areas, thymus, spleen and kidney were isolated and analyzed for P2X7R expression.
RT-PCR reactions were performed using the C. Therm One Step polymerase system (Roche Applied Science) and a
protocol for touch down PCR with hot start. Briefly, Reverse Transcription was performed at 52˚C according to the
manufacturer’s conditions. PCR reactions were executed with an annealing temperatures of 64˚C for the first five cycles
and of 54˚C for the next 30 cycles.
[0180] A single specific band of the size of 1785 bp corresponding to the complete coding sequence of P2X7R was
detected. P2X7R mRNA was detected in the whole brain, hippocampus, cerebellum, leukocytes and thymus but not in
cerebral cortex, hypothalamus, spleen and kidney (Figure 2). All PCR products were cloned using the pGEM-T-Easy
plasmid (Promega), selected in Top-10 bacteria (invitrogen) by blue-white selection and tested by EcoRl digestion.
Clones having fragments of the expected size were amplified and purified for sequencing. The sequence confirmed the
identity of the 1785 bp clones as the complete coding sequence of wild-type P2X7R. Therefore, in all the tissues tested,
wild-type P2X7R is expressed as a single transcript which includes the complete coding sequence. The presence of
tissue specific isoforms is unlikely. These studies provide useful information about the P2X7R mRNA expression and
transcript processing. This information can be used to synthesize riboprobes for in situ hybridization, Northern and
Southern blot as well as engineering cells for the overexpression of P2X7R.

EXAMPLE 5

P2X7R expression in the mouse brain

[0181] The expression of P2X7R was further studied by immunohistochemistry of serial sections of complete mouse
brains using a polyclonal antibody directed against an internal peptide of P2X7R (Santa Cruz Biotechnology). The brains
from stress-free mice were shock frozen, cut into 16 mm slices and fixed with paraformaldehide for 5 minutes. The
sections were blocked for 30 minutes at room temperature with 1:10 horse serum. All antibodies were diluted in TBST
buffer (Tris-buffered saline with 0.05% Tween-20). The first antibody was used in a dilution 1:200 and incubated overnight.
All washes were performed with TBST buffer. As a secondary antibody, an anti-goat IgG biotinylated (Vector Laboratories)
was used and detection was performed using the streptavidin-biotin-horse-radish peroxidase complex system (Vector
Laboratories) in combination with diaminobencidine. Slides were counterstained with toluidine blue using standard
procedures. The same procedure in the absence of the primary antibody was performed as a negative control. As a
positive control to test the Preservation of the tissue was verified with an antibody specific for the protein Patched1
(Santa Cruz Biotechnology). Patched1 was used as positive control since it stains all relevant brain structures and is
not affected by stress or antidepressants. Very specific staining pattern was detected, consistent with the specific
subcellular localization of P2X7R in brain cells. Negative controls were completely devoid of signal. Positive control with
Patched1 showed identical signal intensity and distribution in all samples, indicating that all tissues were equally well
preserved and processed.
[0182] Proceeding from frontal to caudal, P2X7R protein was observed in the glomerular layer of the olfactory bulb
at low levels (Figure 3). P2X7R was also present at very low levels in a restricted area of the periventricular hypothalamic
nucleus (figure 3). Ependymal cells surrounding the lateral ventricles also showed a fainted staining (Figure 3). A stronger
signal was detected in restricted areas of the hippocampus, where the signal was present in single cells of the polymorph
layer, the lacunosum moleculare and the oriens layer (Figure 4). In more posterior areas of the hippocampus, the signal
was present in the molecular layer, stratum radiatum and near the CA3. In a further caudal position, P2X7R was expressed
in the subcomisural organ (Figure 4). Therefore, the basal P2X7R expression in the brain of stress-free mice is restricted
to areas that had been previously associated with depression, stress, learning and memory.

EXAMPLE 6

P2X7R is modulated in mice treated with an antidepressant

[0183] Further validation of role of P2X7R in affective disorders was performed by examining its expression pattern
in response to stress and treatment with antidepressant drugs. A treatment schedule which has been proven to produce
antidepressant effects on the behavioural level was administered to mice which were characterized as antidepressant-
responsive by using a variety of behavioural paradigms suitable to detect anxiolytic and antidepressant effects of classical
antidepressants like the selective serotonin reuptake inhibitor paroxetine. Paroxetine was delivered by gavage to naive
male mice over a time period of 28 days at a dosage of 10 mg/kg bodyweight twice per day. In parallel, a control group
of mice was given vehicle solution (i.e. without paroxetine) using the same treatment regiment while a second control
group of mice was left undisturbed and stress-free (i.e. untreated) during the same period of the experiments. At the
end of the long-term treatment, part of the mice of each experimental group were tested in the dark/light box (test of
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anxiety behaviour) and in the Porsolt’s forced swim test (test of depressive-like behaviour) to confirm the effectiveness
of the treatment (Figure 5). Passive stress coping behaviour decreased after long-term treatment with the antidepressant
paroxetine. The other part of the experimental groups (i.e. mice without test experience) were decapitated, brains rapidly
removed and frozen at - 80˚C until usage.
[0184] The expression of P2X7R in the brains of mice under stress-free conditions, and mice under mild stress
produced by the vehicle application, and mice under paroxetine treatment was evaluated using three different brains
from each group. Serial slides from each group of animals were analyzed in parallel by immunohistochemistry using the
same materials in order to produce completely comparable results. No significant change in P2X7R expression in the
olfactory bulb was seen in response to stress or to paroxetine treatment (Figure 6). However, in the periventricular
nucleus of the hypothalamus, paroxetine produced a slight inhibition of P2X7R expression (Figure 7). No significant
change was observed in the ependymal cells from different brain areas (Figure 8). The most dramatic changes were
observed in the hippocampus, where P2X7R was strongly inhibited by stressful handling whereas paroxetine treatment
produced a marked stimulation above basal levels (Figures 9, 10 and 11). This effect was observed all along the
hippocampus but was more evident in the polymorph layer near the dentate gyrus. In the subcommissural organ, P2X7R
expression remained unchanged by the different treatments. Therefore, P2X7R expression is strongly regulated in two
specific brain areas involved in depression and stress. Other brain areas, which showed low levels of P2X7R and are
not directly involved in depression, did not show changes.
[0185] In the samples from mice treated with paroxetine and showing a strong P2X7R expression, it was possible to
analyze the distribution of P2X7R in more detail (Figures 10 and 11). The P2X7R protein was not only present in cell
bodies but also was clearly detected in projections innervating the granular layer of the dentate gyrus (Figure 12). This
subcellular localization of P2X7R is consistent with a role in neurotransmitter release and long term potentiation.
[0186] Since some reports (Muria et al., Biochem. J. 288 (1992) ,897-901; Ferrari et al., FEBS Lett. 447 (1999), 71-75)
suggest that chronic and high dose stimulation of P2X7R may cause apoptosis in some cell types, the hippocampus of
the above described animals were analyzed for the co-localization of apoptotic cells and P2X7R expressing cells, in
consecutive sections, using TUNNEL staining and immunohistochemistry. In correlative sections, only few apoptotic
cells were detected and they were present along the granular layers of the hippocampus where no P2X7R expression
was observed (Figure 13). No significant differences in the numbers of apoptotic cells were observed between the
different treatment conditions. Therefore, the location and number of apoptotic cells did not correlate with the location
and number of cells expressing P2X7R and rules out an involvement of P2X7R in the induction of apoptosis in the
hippocampus.
[0187] Thus, P2X7R expression is considerably restricted to specific brain areas involved in depression. Moreover,
P2X7R expression is inhibited by stress and strongly stimulated by antidepressant treatment in these specific areas.
Therefore, P2X7R fulfils all criteria required for the actions of antidepressants according to the highest standards in the
field of depression research. In addition, these results suggest that modulation of function of P2X7R is associated with
chronic stress, which serves as a model for several aspects of affective disorders.

EXAMPLE 7

The behavioural effect of P2X7R inhibition in mice

[0188] To demonstrate that P2X7R inhibition acts as a causative agent for affective disorders, P2X7R function was
specifically inhibited in distinct regions of the brain without affecting any other brain function. This was achieved by
delivering double stranded small interference RNA molecules (siRNA) into restricted areas of the brain.
[0189] According to the observed expression pattern of P2X7R in the hippocampus (Figures 9, 10, and 11) and the
known involvement of the hippocampus in depression, the dentate gyms (hippocampus) was selected as target region
for siRNA application. Male, naive mice were bilaterally implanted with a guide cannulae (23 gauge, length 8 mm) by
means of a stereotactic instrument. The coordinates, in relation to bregma, were -2.0 mm posterior, 61.0 mm lateral,
and -1.0 mm ventral. Following a recovery period of 5 days , the mice were divided into three experimental groups:
vehicle (veh), control double stranded RNA (control), and P2X7R specific double stranded siRNA (siRNA). Sequences
used for P2X7R siRNA are 5’-GUGGGUCUUGCACAUGAUCTT-3’ and 5’-GAUCAUGUGCAAGACCCACTT-3’. Both
sequences and were annealed and injected together as a double stranded RNA. On day 6 after surgery, mice were
slightly anaesthetized with Isofluran and injections of siRNA were carried out. The concentration of the control and siRNA
was 0.1 nmol/ml, and a volume of 1ml per side was infused using specifically adapted injection systems (30 gauge,
length 9 mm). The anaesthesia for the infusion was of short duration and the mice were awake immediately or few
seconds after the manipulation.
[0190] Once delivered into the brain the siRNA molecules specific for P2X7R were taken up by brain cells and spe-
cifically induce the degradation of the complementary P2X7R mRNA with high efficiency. As a result, P2X7R function
was specifically inhibited for a short period without affecting any other brain function. In this regard, injection of vehicle
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or control siRNA did not result in any obvious changes in normal behaviour, i.e., food and water intake, or motor behaviour
in the home cage.
[0191] The effects of P2X7R inhibition on depressive-like behaviour was assessed 24 hours and 48 hours after infusion
of siRNA, control or vehicle according to the standard test paradigm, the Porsolt’s forced swim test (Porsolt et al., Arch.
Int. Pharmacodym. 229 (1977), 327-336; Porsolt, Rev. Neurosci. 11 (2000), 53-58). The parameter used to evaluate
depressive-like behaviour is the time the animal is floating in the water, a behaviour which is associated with behavioural
despair as the animal does not make any effort to actively cope with the stressful situation. Compared to vehicle appli-
cation, no influence of control double stranded RNA (5’-CAACUUCAUCUUCUACGCGTT-3’) on floating behaviour (pas-
sive stress coping) was detected. In contrast, compared to controls, mice infused with P2X7R specific siRNA showed
a significant increase in passive behaviour, which is construed as depressive-like behaviour (Figure 14). This interpre-
tation becomes moreover evident when the effects of antidepressants on passive stress coping behaviour in the forced
swim test are visualized (Figure 5). Passive stress coping behaviour increased after acute intrahippocampal injection
(bilateral, dentate gyrus) of siRNA targeting P2X7R. The Porsolt’s forced swim test is a standard test used to assess
the effectiveness of antidepressants and it has been proven by many studies that the test is selectively sensitive for
these effects, given that the right animal model is used. The paradigm has been widely used to test pharmaceutical
compounds and to validate animal models of depression, which show an increase in passive behaviour as do the mice
where P2X7R has been inhibited (siRNA).
[0192] At the end of the experiment, the mice were sacrificed and the brains were examined to confirm the location
and efficiency of the siRNA injections. For this purpose the brains were cut into sections and the slides were stained by
immunohistochemistry using the above mentioned protocols. Brains from mice injected with the specific double stranded
siRNA, with control double stranded RNA and with vehicle were examined in parallel. Under these conditions, the specific
siRNA directed against P2X7R injected near the dentate gyrus induced on average an 80% inhibition of P2X7R protein
expression as compared to the samples from mice injected with vehicle or with control double stranded RNA. Both the
number of cells expressing P2X7R as well as the intensity of the expression were strongly reduced (Figure 15). The
injections with siRNA did not produce any sign of local inflammation or infiltration at the hippocampus. Thus, P2X7R
expression is specifically and locally inhibited by siRNA application in vivo. This inhibition produced behavioural changes
indicating a causative role for P2X7R in affective disorders. These results in combination with those mentioned above
support and confirm the observation of mutations in P2X7R being associated with affective diseases in humans and
that modulation of P2X7R activity has antidepressive effects.

EXAMPLE 8

Drug screening assay

[0193] Methods for identifying P2X7R -agonists were established using an immortalised mouse hippocampal cell line
expressing the endogenous P2X7 gene. Briefly, the expression of P2X7 was confirmed by culturing the cells at 37˚C/
5% CO2 in DMEM with 10% foetal calf serum (Gibco). Upon reaching 80 % confluence, cells were collected in PBS and
homogenized by repeated passage through a syringe (18G needle). The amount of total protein was measured by the
Bradford assay (Sigma; diluted 1:5, O.D. measured at 595 nm) according to the manufacturer’s recommendation. Protein
homogenates were then mixed with an equal volume of loading buffer (50 mM Tris-Cl pH 6.8; 25% glycerol; 7,2 mM
bromophemol blue; 2% SDS; 200 nM β-mercaptoethanol) and subsequently denaturated in boiling water for 10 minutes.
20 mg of each sample were loaded onto a 10% polyacrylamide gel containing 0,4 % SDS. Electrophoresis and Western
blot transfer were performed according to conventional protocols described, for example, in Sambrook, Russell "Molecular
Cloning, A Laboratory Manual", Cold Spring Harbor Laboratory, N.Y. (2001). Membranes were then blocked with 5 %
dry milk and incubated with an antibody against P2X7R (1:1000 dilution; Santa Cruz Biotech) followed by incubation
with a horse anti-goat peroxidase-coupled secondary antibody (1: 10000 dilution; Santa Cruz Biotech). Membranes
were then incubated for 1 hour at 37˚C in Lumi-Light Western Blotting Substrate (Roche Applied Science) followed by
a 10 minute exposure on a BioMax MR Film (Kodak).
[0194] A 70 kD band corresponding to the expected size of the P2X7R protein was detected in HT-22 cells demon-
strating expression of the endogenous mouse P2X7 gene (Figure 17). A second mouse hippocampal cell line (HT-39)
did not express P2X7.
[0195] Since P2X7R is an ATP-gated ion channel which allows the entry of calcium and sodium ions into cells, a
method for identifying P2X7R agonist was established by monitoring calcium influx into HT-22 cells. Cells were first
loaded with the fluorescent dye Oregon green AM ester (Molecular Probes) for 30 minutes at room temperature, washed
2 times with DMEM/10% foetal calf serum to remove excess dye and cultured for 15 minutes in the presence of 100
mM 2- and 2’-3’-O-(4-Benzoylbenzoyl)adenosine 5’-triphosphate (BzATP: C24H24N5O15P3)). BzATP is a known agonist
of P2X7R (North and Surprenant, Annu. Rev. Pharmacol. Toxicol. 40 (2000), 563-580). Calcium movement into the
cells was visualised under a fluorescent microscope with a fluorescein filter (wavelength 492/517 nm). Oregon green



EP 1 473 367 B1

61

5

10

15

20

25

30

35

40

45

50

55

AM ester is a fluorescent dye that binds to intracellular calcium. Accordingly, an increase in green fluorescence was
observed in cells treated with BzATP (Figure 18) signaling an activation of P2X7R which results in an influx of calcium
into the cells and an increase binding of Oregon green dye to intracellular calcium.
[0196] Alternatively. Oregon green AM ester can be replaced by Fluo-3, fluo-4, fluo-5F, fluo-5N, fluo-4FF, Fluo-4
dextran, Fluo-3 AM, Fluo-4 AM, Fluo-5F AM, Fluo-5N AM and Fluo-4FF AM (Molecular Probes). Calcium influx in HT-
22 cells can also be measured in 96-well and 384-well microplate using the Calcium Plus Assay Kit (Molecular Device)
or FLIPR ® Calcium Assay Kit for Fluorometric Imaging Plate Reader Systems (Molecular Device). HT-22 cells can be
replaced by any cells expressing P2X7R, including cells that have been genetically modified by introducing an exogenous
P2X7 gene.
[0197] The specificity of the P2X7R agonist on calcium influx was confirmed by pretreatment of HT-22 cells with 100
mM Oxidized ATP (oATP; Sigma) for 1 hour before the addition of BzATP. oATP is an irreversible inhibitor of the receptor
(Chen et al., J. Biol. Chem., 268 (1993), 8199-8203). Activation of P2X7R by the agonist was inhibited by oATP (Figure
18) as illustrated by the absence of green fluorescence in the cells.
[0198] Yet another method of measuring P2X7R activity involves the entry of ethidium bromide into P2X7R expressing
cells. Activation of P2X7R by an agonist allows the entry of ethidium bromide which binds nuclear DNA and emits a
fluorescence signal. Alternatively, the propidium dye YOPRO-1 can be substituted for ethidium bromide. An increase
in fluorescence can be used as a measure of P2X7 receptor activation. Therefore, the assay can be used to test and
quantify the effect of an agent or compound with agonist properties on P2X7R. In the present example, 103 HT-22 cells
were seeded per well in a 96-well flat bottom microtitre plates and incubated at 37˚C/5%CO2 in DMEM medium containing
10% FCS until the cells attached to the culture surface. Once attached, cells were incubated for 60 minutes in DMEM
medium containing 10%FCS, 10-4M ethidium bromide and increasing concentrations of BzATP (1 mM, 10 mM, 100 mM,
500mM, 1 mM). The number of fluorescent cells which have integrated the ethidium bromide to the DNA can then be
counted using a fluorescent microscope (Zeiss, Germany). Concentrations above 100mM BzATP increased the number
of fluorescent nuclei signalling activation of P2X7R (Figure 19a). Alternatively, ethidium bromide fluorescence can be
measured using a Perkin-Elmer fluorescent plate reader (excitation 520 nm, emission 595 nm, slit widths: Ex 15 nm,
Em 20 nm). From the readings obtained, a pIC50 figure can be calculated for each candidate agent or compound.
Accordingly, a P2X7R agonist is defined as an agent or a compound with an EC50 equal or below 300 micromolar,
whereas the term EC 50 is defined as the concentration eliciting 50% of maximal response to an agonist (North and
Surprenant, Annu. Rev. Pharmacol. Toxicol. 40 (2000), 563-580). The specificity of an agonist for P2X7R can be evaluated
by pre-incubation of the cells for 60 minutes with 100 mM o-ATP before adding the agonist and ethidium bromide dye.
Under these conditions, activation of P2X7R by the agonist is inhibited by oATP resulting in a reduction in the number
of fluorescent cells (Figure 19b).
[0199] Yet another method for identifying P2X7R agonists was devised by generating a immortalised mouse cell line
that overexpresses the human P2X7R gene under the control of the human cytomegalovirus (CMV) early promoter/
enhancer region. The human P2X7R cDNA was inserted into the pcDNA3.1 vector (Invitrogen) and transfected into the
mouse hippocampal cell line HT-22 using Lipofectamine (Invitrogen) according to the manufacturer’s specifications.
One day after transfection, culture medium containing 500 mg/ml G418 was added to the cells. Resistant clones were
separately isolated and cultured 14 days after applying the selection medium.
[0200] The agonistic activity of a compound was evaluated by measuring calcium entry in the cells that overexpress
the human P2X7R. Cells were cultured in 96 well plates and incubated at 37˚C with 5% CO2 DMEM with 10% foetal
calf serum (Gibco) until they reached confluence. Cells were then loaded for one hour with 10mM of Fluo-4 AM (Molecular
Probes). Fluo-4 AM is a fluorescent dye that binds to intracellular calcium. After loading, cells were washed once with
a buffer containing 0.5 mM CaCl2 and 20 mM Hepes and were treated with 20 mM BzATP or 50 mM tenidap. Agonist
activity was detected by measuring an increase in calcium influx which results in increased binding to Fluo-4 AM and
increased fluorescence. Changes in fluorescence signal are measured using a Fluostar Optima plate reader (BMG
biotech). Both BzATP and tenidap produced a rapid increase in fluorescence intensity which declined slowly over time
(Figure 19c). Thus, both compound stimulated the activity of P2X7R which results in an influx of ions into the cells.

EXAMPLE 9

Activation of P2X7R with agonists has antidepressive effects

[0201] To demonstrate that activation of P2X7R has therapeutic effects on affective disorders, the P2X7R agonist
BzATP (2’-3’-O-(4-Benzoylbenzoyl)adenosine 5’-triphosphate (C24H24N5O15P3)) was administered to a selected DBA/
2OIa mouse strain that displays characteristics of being highly anxious, responding to antidepressants, and showing
anxiolysis after subchronic antidepressant treatment (Lucki et al., Psychopharmacology 155 (2001), 315-322). BzATP
is a compound with strong specificity to P2X7R (North and Surprenant, Annu. Rev. Pharmacol. Toxicol. 40 (2000).
563-580). In the present example, the P2X7R agonist was directly injected into the hippocampus of mice. However, a
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P2X7R agonist agent or compound could also be delivered orally, subcutaneously, intravenously, intra-arterial, intran-
odal, intramedullary, intrathecal, intraventricular, intranasally, intrabronchial, transdermally, intrarectally, intraperitoneal-
ly, intramuscularly, intrapulmonary, vaginally, rectally, or intraocularly.
[0202] Four months old male mice were bilaterally implanted with guide cannulae (23 gauge, length 8 mm) by means
of a stereotactic instrument (David Kopf Instruments). The coordinates, in relation to bregma, were.-2.0 mm posterior,
61.0 mm lateral, and -1.0 mm ventral. After surgery, the mice were allowed to recover for 10 to 12 days. Following this
recovery period, mice were injected with 1 ml vehicle solution (0,5% DMSO, Sigma) or 50 mM BzATP (Sigma, prepared
in 0,5% DMSO) in each side of the brain over a period of 60 seconds. Injections were performed using a 9 mm-30 gauge
needle inserted into the guide cannulae and connected via tubing to a 10ml Hamilton syringe.
[0203] The behaviour of individual mice was assessed using the Porsolt’s forced swim test 24 hours after injection of
vehicle solution or BzATP. A pre-exposure of 5 minutes to the test was done 10-15 minutes after vehicle or BzATP
injection. The forced swim test is a standard test that measures primary stress-induced reductions in avoidance or
escape, termed behavioural despair. The test is used to determine the effectiveness of antidepressants, test new phar-
maceutical compounds and validate animal models of depression (Porsolt et al., Arch. Int. Pharmacodym. 229 (1977),
327-336; Porsolt, Rev. Neurosci. 11 (2000), 53-58; Rénéric et al., Behav. Brain Res. 136 (2002), 521-532; Page et al.,
Psychopharmacology 165 (2003), 194-201; Kelliher et al., Psychoneuroendocrinology 28 (2003). 332-347). The test
consists of placing a mouse for a period of 5 minutes into a glass cylinder containing water. Under such circumstances,
the mouse cannot touch the bottom of the cylinder and is thus forced to swim. Time, latency and frequency of struggling
versus floating are scored as behavioural parameters. Floating (i.e. movements made only for keeping balance and
breath) is a passive behaviour associated with despair and represents a depressive-like symptom since the animal does
not make any effort to actively cope with the stressful situation. Increased struggling (i.e. active attempts to escape)
indicates active coping behaviour that can be interpreted as an improvement of depression-like symptoms. For example,
treatment with serotonergic antidepressants reduce the total time spent floating (Borsini, Neurosci. Biobehav. Rev. 19
(1995), 377-395; Redrobe and Bourin, Psychopharmacology 138 (1998), 198-206, and in parallel increases the time of
active behaviour (i.e. swimming or struggling; Lucki et al., Psychopharmacology 155 (2001), 315-322).
[0204] The P2X7R agonist BzATP was found to increase active escape attempts (i.e. increase in time and frequency
of struggling, decrease in latency of struggling) while a decrease in passive behaviour (i.e. decrease in time and frequency
of floating, increase in latency of floating) was measured when compared to control mice injected with vehicle solution
(Figure 20). Observed results were verified statistically using Mann-Whitney U and one-way MANOVA tests. The dif-
ferences in time struggling, latency of floating and frequency of floating were found to be statistically significant. While
latency and frequency of struggling and time floating results were not supported statistically, they still represented a
tendency towards improvement in stress coping behaviour. These results demonstrate that a P2X7R agonist can lead
to improvements in depressive-like symptoms.
[0205] Since conclusions drawn from the forced swim test can be influenced by unspecific effects of an agent or
compound on animal activity (i.e. increase in struggling behaviour can be the result of hyperactivity instead of increased
active coping behaviour), the potential effect of BzATP on locomotor activity was assessed by the open field test (Crawley
"What’s wrong with my mouse: Behavioral phenotyping of transgenic and knockout mice", Wiley-Liss (2000)). Locomotor
activity in mice treated with control vehicle solution or 50 mM BzATP was assessed 24 hours after injection by placing
individual animal in a dark-grey wooden box (30x30x40 cm). Locomotor activity was monitored for a period of 30 minutes
using a video camera. Overall distance travelled by the animals during the testing period was then analysed by means
of VideoMot2 computer software (TSE GmbH, Bad Homburg). No difference in locomotor activity was measured between
mice treated with control vehicle solution and BzATP (Figure 21). Therefore, the application of BzATP did not induce
hyperactivity. These results confirm that activation of P2X7R by an agonist agent or compound leads to improvements
in depressive-like symptoms and is not the result of an unspecific effect on animal activity per se.
[0206] Several reports suggest that activation of P2X7R can induce apoptosis and cell death in vitro (Di Virgilio et al.,
Cell Death Differ. 5 (1998), 191-199, Virginio et al., J. Physiol. 519 (1999), 335-346). To test whether P2X7R activation
in the hippocampus resulted in cell death, apoptosis levels were quantified in the brain of the mice treated with BzATP.
Mice were sacrificed at the end of the behavioural experiments, the brains were removed, shock frozen and sectioned
into 16 mm slices. Brain sections were then studied for apoptosis using the DeadEnd fluorometric TUNEL system
according to the manufacturer’s recommendation (Promega Corporation). The TUNEL system measures the fragmented
DNA of apoptotic cells. Positive control for the assay are made by pre-treating brain sections for 10 minutes with 1
unit/ml of DNAse I.
[0207] Very few apoptotic cells (i.e. less than one cell per brain section) were observed in brains of mice treated with
control vehicle or the P2X7R agonist (Figure 22) when compared to positive control sections pre-treated with DNAse.
Moreover, no significant differences in the numbers of apoptotic cells was observed between the control animals and
mice treated with BzATP, indicating that activation of P2X7R did not result in cerebral cell death in vivo.
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Example 10

P2X7R antagonists have no antidepressive effects

[0208] The P2X7R antagonists KN-62 (1-(N,O-bis[5-isoquinolinesulphonyl]-N-methyl-L-tyrosyl)-4-phenylpiperazine)
and oxidized ATP (oATP) were administered to DBA/201a mice (Harlan Winkelmann, Germany) that exhibit the behav-
ioural characteristic of being highly anxious. KN-62 has been shown to be a non competitive antagonist of P2X7R
(Chessel et al., Brit. J. Pharmacol., 124 (1998), 1314-1320) while oATP acts as an irreversible inhibitor of P2X7R (Chen
et al., J. Biol. Chem., 268 (1993), 8199-8203).
[0209] In the present example, the P2X7R antagonists were directly injected into the dentate gyrus region of the
hippocampus. Briefly, three months old male mice were bilaterally implanted with guide cannulae (23 gauge, length 8
mm) by means of a stereotactic instrument (David Kopf Instruments). The coordinates, in relation to bregma, were 1.5
mm posterior, 61.0 mm lateral, and -0.8 mm ventral. Mice were allowed to recover for 10 to 13 days after surgery.
Following this recovery period, mice were injected with 1 ml vehicle solution (0,01% DMSO, Sigma), or 100nM KN-62
(Sigma, prepared in 0,01 % DMSO), or 10 mM oATP (Sigma, prepared in PBS) in each side of the brain over a period
of 60 seconds. All injections were performed using a 9 mm-31 gauge needle inserted into the guide cannulae and
connected via tubing to a 10ml Hamilton syringe.
[0210] The behaviour of individual mice was assessed using the Porsolt’s forced swim test 24 hours after injection of
vehicle solution, KN-62, or oATP. A pre-exposure of 5 minutes to the test was performed 15-17 minutes after adminis-
tration of vehicle, KN-62, or oATP. A description of the Porsolt’s forced swim test is given in example 9. In the present
example, no changes in active escape attempts (i.e. time, frequency, latency of struggling) or in passive behaviour (i.e.
time, frequency, latency of floating) was measured between vehicle, KN-62 or oATP treated mice (figure 23). Observed
results were verified statistically using one-way MANOVA test. The differences seen in the different parameters between
vehicle, KN-62 or oATP treated mice were not supported statistically. These results demonstrate that P2X7R antagonists
do not improve depressive-like symptoms and have no antidepressive action.
[0211] Since conclusions drawn from the forced swim test can be influenced by unspecific effects of an agent or
compound on animal activity (i.e. increase in struggling behaviour can be the result of hyperactivity instead of increased
active coping behaviour), the potential effect of the P2X7R antagonist oATP on locomotor activity was assessed by
performing the open field test. Locomotor activity in mice treated with control vehicle solution, 10 mM oATP, or 50 mM
oATP was assessed 15 minutes after injection by placing individual animal in a dark-grey wooden box (30x30x40 cm).
Locomotor activity was monitored for a period of 30 minutes using a video camera. Overall distance travelled by the
animals during the testing period was then analysed by means of VideoMot2 computer software (TSE GmbH, Bad
Homburg). No difference in locomotor activity was measured between mice treated with control vehicle solution and
oATP (Figure 24). Therefore, the application of a P2X7R antagonist did not induce hypo- or hyperactivity in the animals.
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<211> 20
<212> DNA
<213> Homo sapiens

<400> 13
gtaacctcac tgagaacaga 20

<210> 14
<211> 20
<212> DNA
<213> Homo sapiens

<400> 14
tttggtaggc gaaggcgggc 20

<210> 15
<211> 21
<212> DNA
<213> Homo sapiens

<400> 15
ccttgtatgg gctttcgtgc t 21

<210> 16
<211> 21
<212> DNA
<213> Homo sapiens

<400> 16
ttgtgtatcc gtccatcagc t 21
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<210> 17
<211> 20
<212> DNA
<213> Homo sapiens

<400> 17
actgccatat gtactattcc 20

<210> 18
<211> 20
<212> DNA
<213> Homo sapiens

<400> 18
aaatctaccc agccacttag 20

<210> 19
<211> 20
<212> DNA
<213> Homo sapiens

<400> 19
tgcagtggcc cacagcacag 20

<210> 20
<211> 20
<212> DNA
<213> Homo sapiens

<400> 20
catcctccaa tgcctgcatc 20

<210> 21
<211> 20
<212> DNA
<213> Homo sapiens

<400> 21
tttcccatgt ttgccattta 20

<210> 22
<211> 20
<212> DNA
<213> Homo sapiens

<400> 22
caagagcagt ggttgtgtcc 20

<210> 23
<211> 20
<212> DNA
<213> Homo sapiens

<400> 23
gagcccacag atatctactg 20

<210> 24
<211> 20
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tgcctgcctc agtctctggt 20
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<212> DNA
<213> Homo sapiens

<400> 25
tctctcgccc aggttgagtt 20

<210> 26
<211> 20
<212> DNA
<213> Homo sapiens

<400> 26
acgtcctctc cgcagttctt 20
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<211> 20
<212> DNA
<213> Homo sapiens

<400> 27
attcagaccg aaaggtgtgt 20

<210> 28
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<212> DNA
<213> Homo sapiens

<400> 28
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<210> 29
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<212> DNA
<213> Homo sapiens

<400> 29
gttgtaacac tcctgtacca 20

<210> 30
<211> 20
<212> DNA
<213> Homo sapiens

<400> 30
aacagtgcca aaaacttcac 20

<210> 31
<211> 20
<212> DNA
<213> Homo sapiens
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tcactgtgcc catcaagaac 20
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<211> 20
<212> DNA
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<400> 32
tgctgcgtgc ttctggctca 20

<210> 33
<211> 20
<212> DNA
<213> Homo sapiens

<400> 33
ctggagaacc cttttccaag 20

<210> 34
<211> 20
<212> DNA
<213> Homo sapiens

<400> 34 20
caggaggcag ggatcatttg 20
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<212> DNA
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tgcgctaagg actttaccta 20
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<212> DNA
<213> Homo sapiens

<400> 37
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<210> 38
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<212> DNA
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<400> 38
ccatcactgc tgtcccaaat 20
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<210> 39
<211> 20
<212> DNA
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tcgccttgat gacaagacca 20
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<211> 20
<212> DNA
<213> Homo sapiens

<400> 40
gtaaactctt ccactctgtt 20

<210> 41
<211> 20
<212> DNA
<213> Homo sapiens

<400> 41
accaagacac ggagagattc 20

<210> 42
<211> 20
<212> DNA
<213> Homo sapiens

<400> 42
taatattaaa tgtaacttta 20

<210> 43
<211> 20
<212> DNA
<213> Homo sapiens

<400> 43
aatattaaac ataactttat 20

<210> 44
<211> 20
<212> DNA
<213> Homo sapiens

<400> 44
ccatctcaac tggaggagct 20

<210> 45
<211> 20
<212> DNA
<213> Homo sapiens

<400> 45
gactttgcca tcctgcccag 20

<210> 46
<211> 20
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<212> DNA
<213> Homo sapiens

<400> 46
tggaggatcc agaaagagtt 20

<210> 47
<211> 20
<212> DNA
<213> Homo sapiens

<400> 47
aatcccagca ctttgggagg 20

<210> 48
<211> 20
<212> DNA
<213> Homo sapiens

<400> 48
aaactgtccc aaaaaaaaaa 20

<210> 49
<211> 20
<212> DNA
<213> Homo sapiens

<400> 49
aactgtcccc caaaaaaaaa 20

<210> 50
<211> 20
<212> DNA
<213> Homo sapiens

<400> 50
ctgtccccac aaaaaaaaaa 20

<210> 51
<211> 20
<212> DNA
<213> Homo sapiens

<400> 51
caaggcgggt ggatcactta 20

<210> 52
<211> 19
<212> DNA
<213> Homo sapiens

<400> 52
cgtaggactt ggcgcttct 19

<210> 53
<211> 21
<212> DNA
<213> Homo sapiens
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<400> 53
gagcacgtct cagattcgaa a 21

<210> 54
<211> 23
<212> DNA
<213> Homo sapiens

<400> 54
ccatgaggca ggtatgacta ttc 23

<210> 55
<211> 20
<212> DNA
<213> Homo sapiens

<400> 55
ctcctggatc tcacccagtt 20

<210> 56
<211> 23
<212> DNA
<213> Homo sapiens

<400> 56
ctcgtccagc tttgatatta age 23

<210> 57
<211> 22
<212> DNA
<213> Homo sapiens

<400> 57
ggtccctagt gctagaacca ga 22

<210> 58
<211> 18
<212> DNA
<213> Homo sapiens

<400> 58
attcatccgt cagtggcc 18

<210> 59
<211> 22
<212> DNA
<213> Homo sapiens

<400> 59
gccatgtgaa ttttctaccg at 22

<210> 60
<211> 20
<212> DNA
<213> Homo sapiens

<400> 60
ttcgttgtgg ttaggatggg 20
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<210> 61
<211> 22
<212> DNA
<213> Homo sapiens

<400> 61
caaggatgct cagggtagta gc 22

<210> 62
<211> 25
<212> DNA
<213> Homo sapiens

<400> 62
cactaggttt gctgtatcca tttct 25

<210> 63
<211> 20
<212> DNA
<213> Homo sapiens

<400> 63
gcaactgtgt gagagcttgg 20

<210> 64
<211> 19
<212> DNA
<213> Homo sapiens

<400> 64
tcaaccctgg tccagtgtg 19

<210> 65
<211> 25
<212> DNA
<213> Homo sapiens

<400> 65
caccaagtag ctctcactca taagg 25

<210> 66
<211> 24
<212> DNA
<213> Homo sapiens

<400> 66
caataacact tgtgcgagtt aggt 24

<210> 67
<211> 21
<212> DNA
<213> Homo sapiens

<400> 67
catcttgttg ccttggaaac c 21

<210> 68
<211> 23
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<212> DNA
<213> Homo sapiens

<400> 68
gtgagtggta atcctgctac tgc 23

<210> 69
<211> 19
<212> DNA
<213> Homo sapiens

<400> 69
aggcccactc ctgtactcg 19

<210> 70
<211> 19
<212> DNA
<213> Homo sapiens

<400> 70
ccaagtcaca gcatgaggc 19

<210> 71
<211> 18
<212> DNA
<213> Homo sapiens

<400> 71
acccagcgac gtatccac 18

<210> 72
<211> 19
<212> DNA
<213> Homo sapiens

<460> 72
aagcatgggg ttccatttc 19

<210> 73
<211> 24
<212> DNA
<213> Homo sapiens

<400> 73
gcataaaagg gactcctgct agta 24

<210> 74
<211> 21
<212> DNA
<213> Homo sapiens

<400> 74
gcttacagaa cacatgcatg g 21

<210> 75
<211> 19
<212> DNA
<213> Homo sapiens
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<400> 75
gcacctgtag gcacagtgc 19

<210> 76
<211> 21
<212> DNA
<213> Homo sapiens

<400> 76
atcaccacct cagagctgtt c 21

<210> 77
<211> 21
<212> DNA
<213> Homo sapiens

<400> 77
gttaacatgg ctactgcagc c 21

<210> 78
<211> 21
<212> DNA
<213> Homo sapiens

<400> 78
gcttagaaag gaggcgactc c 21

<210> 79
<211> 22
<212> DNA
<213> Homo sapiens

<400> 79
ttgtgacatt tgcaaggctg cc 22

<210> 80
<211> 20
<212> DNA
<213> Homo sapiens

<400> 80
tctgaagctc tgctcctgag 20

<210> 81
<211> 20
<212> DNA
<213> Homo sapiens

<400> 81
ctcaccttct ggcttccagt 20

<210> 82
<211> 20
<212> DNA
<213> Homo sapiens

<400> 82
cttaccactc ccaggactaa 20
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<210> 83
<211> 20
<212> DNA
<213> Homo sapiens

<400> 83
gtctgcctgt tcactgccat 20

<210> 84
<211> 21
<212> DNA
<213> Homo sapiens

<400> 84
cagagacctt cagaaacttc g 21

<210> 85
<211> 20
<212> DNA
<213> Homo sapiens

<400> 85
agatcaccag ggacacagtg 20

<210> 86
<211> 20
<212> DNA
<213> Homo sapiens

<400> 86
ctcaactcca ctttcctcgg 20

<210> 87
<211> 23
<212> DNA
<213> Homo sapiens

<400> 87
cctttcactt ttttggtctc atg 23

<210> 88
<211> 21
<212> DNA
<213> Homo sapiens

<400> 88
gggagaattc tgaaaatgcc c 21

<210> 89
<211> 20
<212> DNA
<213> Homo sapiens

<400> 89
ggaccagagc tctactcttc 20

<210> 90
<211> 20



EP 1 473 367 B1

129

5

10

15

20

25

30

35

40

45

50

55

<212> DNA
<213> Homo sapiens

<400> 90
aggtcataga tcgacctgcc 20

<210> 91
<211> 20
<212> DNA
<213> Homo sapiens

<400> 91
aagaagcgcc aagtcctacg 20

<210> 92
<211> 21
<212> DNA
<213> Homo sapiens

<400> 92
gcaatccaga ctgaagttga c 21

<210> 93
<211> 20
<212> DNA
<213> Homo sapiens

<400> 93
actctggtct gcagttggtg 20

<210> 94
<211> 24
<212> DNA
<213> Homo sapiens

<400> 94
cctttaaaat cagagacctt caga 24

<210> 95
<211> 20
<212> DNA
<213> Homo sapiens

<400> 95
gcccatcctc tgaacaccat 20

<210> 96
<211> 21
<212> DNA
<213> Homo sapiens

<400> 96
cccttggaac tcttgctatc g 21

<210> 97
<211> 21
<212> DNA
<213> Homo sapiens
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<400> 97
ggcagtacag tggcttcaag a 21

<210> 98
<211> 21
<212> DNA
<213> Homo sapiens

<400> 98
gtgggacagt ttgctgtgcc t 21

<210> 99
<211> 20
<212> DNA
<213> Homo sapiens

<400> 99
gagtccttac caatagcagg 20

<210> 100
<211> 21
<212> DNA
<213> Homo sapiens

<400> 100
gtcaaagaat ttgtggccac c 21

<210> 101
<211> 26
<212> DNA
<213> Homo sapiens

<400> 101
catgaactgt cttttaatgt gtaaag 26

<210> 102
<211> 22
<212> DNA
<213> Homo sapiens

<400> 102
gagatacggt ttcaccatgt tg 22

<210> 103
<211> 20
<212> DNA
<213> Homo sapiens

<400> 103
aattagctgg gcatggtgcg 20

<210> 104
<211> 21
<212> DNA
<213> Homo sapiens

<400> 104
ttgagatgga gtctcgctct g 21
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<210> 105
<211> 20
<212> DNA
<213> Homo sapiens

<400> 105
cactgtccac gtgactgctt 20

<210> 106
<211> 25
<212> DNA
<213> Homo sapiens

<400> 106
tcctacttcg gtctggtaag agatt 25

<210> 107
<211> 19
<212> DNA
<213> Homo sapiens

<400> 107
gggcctaatt ttcgtgcat 19

<210> 108
<211> 23
<212> DNA
<213> Homo sapiens

<400> 108
aagaacctag aacctgaggg ctt 23

<210> 109
<211> 19
<212> DNA
<213> Homo sapiens

<400> 109
ttgagatggg aggcagctt 19

<210> 110
<211> 17
<212> DNA
<213> Homo sapiens

<400> 110
ttcggctccc aggacat 17

<210> 111
<211> 20
<212> DNA
<213> Homo sapiens

<400> 111
cacagagctt tgcaggtgaa 20
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Claims

1. Use of

(i) a nucleic acid molecule comprising a nucleic acid sequence selected from the group consisting of:

(a) a genomic nucleotide sequence encoding an ATP-gated ion channel P2X7R and which contains a
mutation in the 5’UTR region corresponding to position 532, 1100, 1122, 1171 or 1702 of the genomic
sequence of the wild-type ATP-gated ion channel P2X7R as depicted in SEQ ID NO: 1, wherein at said
position said nucleotide is replaced by another nucleotide;
(b) a nucleic acid sequence encoding a polypeptide which has an amino acid sequence of the ATP-gated
ion channel P2X7R, wherein in the exon as indicated in column "Exon" of the following Table A the amino
acid residue as indicated in column "Amino acid residue" of Table A corresponding to the position as
indicated in column "Position in wild-type" of Table A of the wild-type ATP-gated ion channel P2X7R amino
acid sequence as depicted in SEQ ID NO: 3 or 4 is replaced by another amino acid residue

(c) a nucleotide sequence encoding an ATP-gated ion channel P2X7R and which contains a mutation in
exon 5 or 8 corresponding to position 32548 or position 37633 of the wild-type ATP-gated ion channel
P2X7R nucleotide sequence as depicted in SEQ ID NO: 1, wherein at said position said nucleotide is
replaced by another nucleotide;
(d) a nucleic acid sequence encoding a polypeptide which has an amino acid sequence of an ATP-gated
ion channel P2X7R, wherein amino acids corresponding to positions 488 to 494 of the amino acid sequence
of the wild-type ATP-gated ion channel P2X7R as depicted in SEQ ID NO: 3 or 4 are deleted;
(e) a genomic nucleotide sequence encoding an ATP-gated ion channel P2X7R, wherein in the intron as
indicated in column "Intron" of the following Table B the nucleotide as indicated in column "Replaced
nucleotide" of Table B corresponding to the position as indicated in column "Position in wild-type" of Table
B of the wild-type ATP-gated ion channel P2X7R nucleotide sequence as depicted in SEQ ID NO: 1 is
replaced by another nucleotide

Table A

Exon Amino acid residue Position in wild-type

exon 3 R (Arg) 117

exon 5 G (Gly) 150

exon 6 E (Glu) 186

exon 6 L (Leu) 191

exon 8 R (Arg) 270

exon 13 I (Ile) 568

exon 13 R (Arg) 578

Table B

Intron Replaced nucleotide Position in wild-type

intron 1 G 3166

intron 1 C 24778

intron 1 C 24830

intron 3 A 26308

intron 3 G 26422

intron 4 G 32394

intron 4 T 32434

intron 5 A 32783
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(f) a genomic nucleotide sequence encoding an ATP-gated ion channel P2X7R and which contains a
mutation in the 3’UTR region corresponding to position 54925, 55169, 55170, 55171 or 55917 of the wild-
type ATP-gated ion channel P2X7R nucleotide sequence as depicted in SEQ ID NO: 1, wherein at said
position said nucleotide is replaced by another nucleotide;
(g) a nucleotide sequence comprising at least 20 or 21 nucleotides and comprising the mutations or deletions
as defined in any one of (a) to (f);
(h) a nucleic acid sequence comprising a nucleotide sequence as shown in any one of SEQ ID NOs: 13 to 51;
(j) a nucleic acid sequence encoding a polypeptide comprising the amino acid sequence of any one of SEQ
ID NOs: 5 to 12;
(k) a nucleotide sequence which hybridizes to a nucleotide sequence defined in any one of (a) to (g) or to
the nucleotide sequence of (h) and having a mutation as defined in any one of (a) to (f);
(l) a nucleic acid sequence being degenerate as a result of the genetic code to the nucleic acid sequence
as defined in (k); and
(m) a genomic nucleotide sequence having a nucleotide replacement or deletion selected from the following
Table C indicating in column "Region of P2X7R" the region of the P2X7R genomic nucleotide sequence in
which the replacement or deletion occurs, in column "Nucleotide" of Table C the nucleotide which is replaced
by another nucleotide or the nucleotides which are deleted and in column "Position in wild-type" of Table
C the corresponding position in the nucleotide sequence of the wild-type ATP-gated ion channel P2X7R
as depicted in SEQ ID NO: 1

(continued)

Intron Replaced nucleotide Position in wild-type

intron 6 G 35641

intron 6 A 35725

intron 6 T 36001

intron 7 G 36378

intron 7 T 36387

intron 7 G 36398

intron 9 C 47214

intron 11 T 47563

intron 12 C 54307

intron 12 G 54308

Table C

Region of P2X7R Nucleotide Position in wild-type

5’UTR T 532

5’UTR A 1100

5’UTR A 1122

5’UTR C 1171

5’UTR T 1351

5’UTR G 1702

5’UTR T 1731

5’UTR C 1860

5’UTR C 2162

5’UTR C 2238

5’UTR A 2373
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(continued)

Region of P2X7R Nucleotide Position in wild-type

5’UTR G 2569

5’UTR G 2702

intron 1 G 3166

intron 1 C 24778

intron 1 C 24830

exon 2 T 24942

exon 3 C 26188

exon 3 A 26308

exon 3 G 26422

intron 4 G 32394

intron 4 T 32434

exon 5 G 32493

exon 5 G 32506

exon 5 C 32507

exon 5 C 32548

intron 5 A 32783

intron 5 T 35309

intron 5 C 35374

intron 5 A 35378

exon 6 G 35438

exon 6 T 35454

intron 6 T 35549

intron 6 G 35641

intron 6 A 35725

intron 6 T 36001

intron 6 A 36064

intron 6 deletion of GTTT 36091 to 36094

intron 6 C 36108

intron 7 C 36374

intron 7 G 36378

intron 7 T 36387

intron 7 G 36398

intron 7 C 37439

intron 7 T 37513

exon 8 C 37604

exon 8 G 37605

exon 8 G 37623

exon 8 C 37633
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(ii) a vector comprising the nucleic acid molecule of (i);
(iii) a polypeptide encoded by the nucleic acid sequence of (i)(b) or (i)(d);
(iv) an antibody specifically directed to the polypeptide of (iii);
(v) an aptamer specifically binding to the nucleic acid molecule of (i); and/or
(vi) a primer or pair of primers capable of specifically amplifying the nucleic acid molecule of (i)

for the preparation of a diagnostic composition for the detection of an affective disorder.

2. The use of claim 1, wherein said nucleic acid molecule is derived from mouse, rat or human.

3. The use of claim 1 or 2, wherein said nucleic acid molecule is DNA, RNA, PNA or phosphorothioates.

4. The use of claim 1, wherein said antibody specifically reacts with an epitope generated and/or formed by the mutation
in the ATP-gated ion channel P2X7R selected from the group consisting of:

(i) an epitope specifically presented by a polypeptide which has an amino acid sequence of an ATP-gated ion
channel P2X7R, wherein the R (Arg), G (Gly), E (Glu), L (Leu), R (Arg), I (Ile) or R (Arg) residue corresponding
to position 117, 150, 186, 191, 270, 568 or 578 of the wild-type ATP-gated ion channel P2X7R amino acid
sequence as depicted in SEQ ID NO: 3 or 4 is replaced by another amino acid residue; and
(ii) an epitope specifically presented by a polypeptide which has an amino acid sequence of an ATP-gated ion
channel P2X7R, wherein amino acids corresponding to positions 488 to 494 of the wild-type ATP-gated ion
channel P2X7R amino acid sequence as depicted in SEQ ID NO: 3 or 4 are deleted.

(continued)

Region of P2X7R Nucleotide Position in wild-type

intron 9 C 47214

exon 11 G 47383

exon 11 C 47411

intron 11 T 47563

intron 12 C 54307

intron 12 G 54308

exon 13 C 54399

exon 13 A 54480

exon 13 C 54523

exon 13 deletion of CCCTGAGAGCCACAGGTGCCT 54562 to 54582

exon 13 A 54588

exon 13 C 54664

exon 13 G 54703

exon 13 A 54804

exon 13 G 54834

exon 13 G 54847

3’UTR G 54925

3’UTR C 55169

3’UTR A 55170

3’UTR A 55171

3’UTR C 55917
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5. The use of claim 1 or 4, wherein said antibody is a monoclonal antibody.

6. The use of claim 1, wherein said primer or pair of primers is selected from the group consisting of SEQ ID NOs.:
52 to 111.

7. The use of any one of claims 1 to 6, wherein the diagnostic composition optionally further comprising suitable means
for detection.

8. An in vitro method of diagnosing an affective disorder or a susceptibility to an affective disorder comprising the step
of determining in a sample obtained from an individual whether the P2XR7 protein expressed in the cells of said
individual is under-expressed in comparison to the P2XR7 protein level an unaffected individual.

9. An in vitro method for diagnosing an affective disorder or a susceptibility to an affective disorder comprising the
step of determining in a sample obtained from an individual whether the P2X7R gene sequence or encoded protein
thereof comprises a mutation in comparison to the wild-type P2X7R sequence, wherein said mutation is a mutation
as defined in claim 1.

10. The method of claim 9, wherein the occurrence of the mutation in the ATP-gated ion channel P2X7R gene is
determined by PCR or immunological methods.

11. The use of any one of claims 1 to 7 or the method of any one of claims 8 to 10, wherein said affective disorder is
selected from the group consisting of major depression, generalized anxiety disorder and bipolar disorder.

12. The use or the method of claim 11, wherein said major depression is selected from the group consisting of major
depression, dysthymia, atypical depression, premenstrual dysphoric disorder and seasonal affective disorder.

13. The use or the method of claim 11, wherein said generalized anxiety disorder is selected from the group consisting
of panic disorder, phobias, agoraphobia, social phobia, specific phobia, obsessive-compulsive disorder, post-trau-
matic stress disorder, separation anxiety disorder, mania, hypomania and cyclothymic disorder.

14. The use or the method of claim 11, wherein said bipolar disorder is bipolar disorder type I or bipolar disorder type II.

15. An in vitro method for diagnosing an affective disorder of an individual comprising:

(a) isolating DNA from cells obtained from an individual;
(b) determining all or part of the nucleotide composition of the P2X7R gene; and
(c) analyzing said nucleotide composition of P2X7R for the presence of one or more polymorphism(s), mutation
or allelic variation as defined in claim 1.

16. An in vitro method for diagnosing an affective disorder of an individual comprising:

(a) isolating RNA from cells obtained from an individual;
(b) converting said RNA into cDNA;
(c) determining all or part of the nucleotide composition of the P2X7R gene; and
(d) analyzing said nucleotide composition of P2X7R for the presence of one or more polymorphism(s), mutation
or allelic variation as defined in claim 1.

17. An in vitro method for diagnosing an affective disorder of an individual comprising:

(a) isolating RNA or protein from cells obtained from an individual ;
(b) determining the levels of P2X7R RNA or protein; and
(c) comparing the levels of P2X7R RNA or protein with the corresponding levels from a normal individual not
afflicted with an affective disorder, wherein under-expression of said P2X7R RNA or protein is indicative of an
affective disorder.

18. A diagnostic composition for use in diagnosis of an affective disorder comprising

(i) the nucleic acid molecule as defined in claim 1 (i)(a) or 1 (i)(c) to 1 (i)(m), which is preferably derived from
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mouse, rat or human;
(ii) a nucleic acid molecule encoding a polypeptide which has an amino acid sequence of the ATP-gated ion
channel P2X7R, wherein in the exon as indicated in column "Exon" of the following Table A the amino acid
residue as indicated in column "Amino acid residue" of Table A corresponding to the position as indicated in
column "Position in wild-type" of Table A of the wild-type ATP-gated ion channel P2X7R amino acid sequence
as depicted in SEQ ID NO: 3 or 4 is replaced by another amino acid residue

(iii) a nucleic acid molecule which hybridizes to the nucleic acid molecule as defined in (i) or (ii);
(iv) a vector comprising the nucleic acid molecule of (i), (ii) or (iii);
(v) a polypeptide encoded by the nucleic acid molecule as defined in (ii) or claim 1 (i)(d);
(vi) an antibody specifically directed to the polypeptide of (v) or the antibody as defined in claim 4 or 5;
(vii) an aptamer specifically binding to the nucleic acid molecule of (i), (ii) or (iii); and/or
(viii) a primer or pair of primers capable of specifically amplifying the nucleic acid molecule of (i), (ii) or (iii) or
the primer or pair of primers as defined in claim 6.

Patentansprüche

1. Verwendung

(i) eines Nucleinsäuremoleküls, umfassend eine Nucleinsäuresequenz, ausgewählt aus der Gruppe bestehend
aus:

(a) einer genomischen Nucleotidsequenz, die einen ATP-abhängigen Ionenkanal P2X7R codiert und die
in der 5’UTR-Region eine Mutation enthält, die der Position 532, 1100, 1122, 1171 oder 1702 der genomi-
schen Sequenz des wie in SEQ ID NO: 1 dargestellten ATP-abhängigen Ionenkanals P2X7R vom Wildtyp
entspricht, wobei an der Position das Nucleotid durch ein anderes Nucleotid ersetzt ist;
(b) einer Nucleinsäuresequenz, die ein Polypeptid codiert, das eine Aminosäuresequenz des ATP-abhän-
gigen Ionenkanals P2X7R hat, wobei in dem Exon, wie in Spalte "Exon" der folgenden Tabelle A angegeben,
der Aminosäurerest, wie in der Spalte "Aminosäurerest" der Tabelle A angegeben, der der Position, wie
in der Spalte "Position im Wildtyp" der Tabelle A angegeben, der wie in SEQ ID NO: 3 oder 4 dargestellten
Wildtyp-Aminosäuresequenz des ATP-abhängigen Ionenkanals P2X7R entspricht, durch einen anderen
Aminosäurerest ersetzt ist

Table A

Exon Amino acid residue Position in wild-type

exon 3 R (Arg) 117

exon 5 G (Gly) 150

exon 6 E (Glu) 186

exon 6 L (Leu) 191

exon 13 I (Ile) 568

exon 13 R (Arg) 578

Tabelle A

Exon Aminosäurerest Position im Wildtyp

Exon 3 R (Arg) 117

Exon 5 G (Gly) 150

Exon 6 E (Glu) 186

Exon 6 L (Leu) 191

Exon 8 R (Arg) 270

Exon 13 I (Ile) 568



EP 1 473 367 B1

138

5

10

15

20

25

30

35

40

45

50

55

(c) einer Nucleotidsequenz, die einen ATP-abhängigen Ionenkanal P2X7R codiert und die im Exon 5 oder
8 eine Mutation enthält, die der Position 32548 oder der Position 37633 der wie in SEQ ID NO: 1 dargestellten
Nucleotidsequenz des ATP-abhängigen Ionenkanals P2X7R vom Wildtyp entspricht, wobei an der Position
das Nucleotid durch ein anderes Nucleotid ersetzt ist;
(d) einer Nucleinsäuresequenz, die ein Polypeptid codiert, das eine Aminosäuresequenz eines ATP-ab-
hängigen Ionenkanals P2X7R hat, wobei Aminosäuren, die den Positionen 488 bis 494 der wie in SEQ ID
NO: 3 oder 4 dargestellten Wildtyp-Aminosäuresequenz des ATP-abhängigen Ionenkanals P2X7R ent-
sprechen, deletiert sind;
(e) einer genomischen Nucleotidsequenz, die einen ATP-abhängigen Ionenkanal P2X7R codiert, wobei in
dem Intron, wie in der Spalte "Intron" der folgenden Tabelle B dargestellt, das Nucleotid, wie in der Spalte
"Ersetztes Nucleotid" der Tabelle B, das der Position, wie in der Spalte "Position im Wildtyp" der Tabelle
B angegeben, der wie in SEQ ID NO: 1 dargestellten Wildtyp-Nucleotidsequenz des ATP-abhängigen
Ionenkanals P2X7R entspricht, durch ein anderes Nucleotid ersetzt ist

(f) einer genomischen Nucleotidsequenz, die einen ATP-abhängigen Ionenkanal P2X7R codiert und die
eine Mutation in der 3’UTR-Region enthält, die der Position 54925, 55169, 55170, 55171 oder 55917 der
wie in SEQ ID NO: 1 dargestellten ATP-abhängigen Ionenkanal P2X7R Nucleotidsequenz vom Wildtyp
entspricht, wobei an der Position ein Nucleotid durch ein anderes Nucleotid ersetzt ist;
(g) einer Nucleotidsequenz, die zumindest 20 oder 21 Nucleotide umfasst und die Mutationen oder Dele-
tionen, wie in einem beliebigen der Punkte (a) bis (f) definiert, umfasst;
(h) einer Nucleinsäuresequenz, die eine Nucleotidsequenz wie in einer beliebigen der SEQ ID NO: 13 bis
51 gezeigt, umfasst;

(fortgesetzt)

Exon Aminosäurerest Position im Wildtyp

Exon 13 R (Arg) 578

Tabelle B

Intron Ersetztes Nucleotid Position im Wildtyp

Intron 1 G 3166

Intron 1 C 24778

Intron 1 C 24830

Intron 3 A 26308

Intron 3 G 26422

Intron 4 G 32394

Intron 4 T 32434

Intron 5 A 32783

Intron 6 G 35641

Intron 6 A 35725

Intron 6 T 36001

Intron 7 G 36378

Intron 7 T 36387

Intron 7 G 36398

Intron 9 C 47214

Intron 11 T 47563

Intron 12 C 54307

Intron 12 G 54308
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(j) einer Nucleinsäuresequenz, die ein Polypeptid codiert, das die Aminosäuresequenz von einer beliebigen
der SEQ ID NO: 5 bis 12 umfasst;
(k) einer Nucleotidsequenz, die mit einer Nucleotidsequenz, wie in einem beliebigen der Punkte (a) bis (g)
definiert, hybridisiert, oder mit der Nucleotidsequenz nach (h) hybridisiert, und eine Mutation aufweist, wie
in einem beliebigen der Punkte (a) bis (f) definiert;
(l) einer Nucleinsäuresequenz, die auf Grund des genetischen Codes zu der Nucleinsäuresequenz wie in
(k) definiert degeneriert ist; und
(m) einer genomischen Nucleotidsequenz, die einen Nucleotidaustausch oder eine Deletion hat, ausgewählt
aus der folgenden Tabelle C, die in der Spalte "Region von P2X7R" die Region der genomischen Nucleo-
tidsequenz von P2X7R angibt, in der der Austausch oder die Deletion geschieht, in der Spalte "Nucleotid"
der Tabelle C das Nucleotid angibt, das durch ein anderes Nucleotid ersetzt ist, oder die Nucleotide, die
deletiert sind, und in der Spalte "Position im Wildtyp" der Tabelle C die entsprechende Position der wie in
SEQ ID NO: 1 gezeigten Nucleotidsequenz des ATP-abhängigen Ionenkanals P2X7R vom Wildtyp angibt

Region von P2X7R NUCLEOTID Position im Wildtyp

5’UTR T 532

5’UTR A 1100

5’UTR A 1122

5’UTR C 1171

5’UTR T 1351

5’UTR G 1702

5’UTR T 1731

5’UTR C 1860

5’UTR C 2162

5’UTR C 2238

5’UTR A 2373

5’UTR G 2569

5’UTR G 2702

Intron 1 G 3166

Intron 1 C 24778

Intron 1 C 24830

Exon 2 T 24942

Exon 3 C 26188

Exon 3 A 26308

Exon 3 G 26422

Intron 4 G 32394

Intron 4 T 32434

Exon 5 G 32493

Exon 5 G 32506

Exon 5 C 32507

Exon 5 C 32548

Intron 5 A 32783

Intron 5 T 35309
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(fortgesetzt)

Region von P2X7R NUCLEOTID Position im Wildtyp

Intron 5 C 35374

Intron 5 A 35378

Exon 6 G 35438

Exon 6 T 35454

Intron 6 T 35549

Intron 6 G 35641

Intron 6 A 35725

Intron 6 T 36001

Intron 6 A 36064

Intron 6 Deletion von GTTT 36091 bis 36094

Intron 6 C 36108

Intron 7 C 36374

Intron 7 G 36378

Intron 7 T 36387

Intron 7 G 36398

Intron 7 C 37439

Intron 7 T 37513

Exon 8 C 37604

Exon 8 G 37605

Exon 8 G 37623

Exon 8 C 37633

Intron 9 C 47214

Exon 11 G 47383

Exon 11 C 47411

Intron 11 T 47563

Intron 12 C 54307

Intron 12 G 54308

Exon 13 C 54399

Exon 13 A 54480

Exon 13 C 54523

Exon 13 Deletion von CCCTGAGAGCCACAGGT GCCT 54562 bis 54582

Exon 13 A 54588

Exon 13 C 54664

Exon 13 G 54703

Exon 13 A 54804

Exon 13 G 54834

Exon 13 G 54847

3’UTR G 54925
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(ii) eines Vektors, umfassend das Nucleinsäuremolekül nach (i);
(iii) eines Polypeptids, das von der Nucleinsäuresequenz nach (i)(b) oder (i)(d) codiert wird;
(iv) eines Antikörpers, der spezifisch gegen das Polypeptid nach (iii) gerichtet ist;
(v) eines Aptamers, das spezifisch das Nucleinsäuremolekül von (i) bindet; und/oder
(vi) eines Primers oder eines Primerpaares, das spezifisch das Nucleinsäuremolekül nach (i) amplifizieren kann

für die Herstellung eines diagnostischen Mittels zum Nachweisen einer affektiven Störung.

2. Verwendung nach Anspruch 1, wobei das Nucleinsäuremolekül von der Maus, der Ratte oder dem Menschen
stammt.

3. Verwendung nach Anspruch 1 oder 2, wobei das Nucleinsäuremolekül DNA, RNA, PNA oder Phosphorthioate ist/
sind.

4. Verwendung nach Anspruch 1, wobei der Antikörper spezifisch mit einem Epitop reagiert, das erzeugt und/oder
geformt wird durch die Mutation in dem ATP-abhängigen Ionenkanal P2X7R, ausgewählt aus der Gruppe bestehend
aus

(i) einem Epitop, das spezifisch von einem Polypeptid präsentiert wird, das eine Aminosäuresequenz eines
ATP-abhängigen Ionenkanals P2X7R hat, wobei der R (Arg)-, G (Gly)-, E (Glu)-, L (Leu)-, R (Arg)-, I (Ile)- oder
R (Arg)-Rest, der der Position 117, 150, 186, 191, 270, 568 oder 578 der wie in SEQ ID NO: 3 oder 4 dargestellten
Aminosäuresequenz des ATP-abhängigen Ionenkanals P2X7R vom Wildtyp entspricht, durch einen anderen
Aminosäurerest ersetzt ist; und
(ii) einem Epitop, das spezifisch von einem Polypeptid präsentiert wird, das eine Aminosäuresequenz eines
ATP-abhängigen Ionenkanals P2X7R hat, wobei die Aminosäuren, die den Positionen 488 bis 494 der wie in
SEQ ID NO: 3 oder 4 dargestellten Aminosäuresequenz des ATP-abhängigen Ionenkanals P2X7R vom Wildtyp
entsprechen, deletiert sind.

5. Verwendung nach Anspruch 1 oder 4, wobei der Antikörper ein monoclonaler Antikörper ist.

6. Verwendung nach Anspruch 1, wobei der Primer oder das Primerpaar ausgewählt ist aus der Gruppe bestehend
aus SEQ ID NOs: 52 bis 111.

7. Verwendung nach einem der Ansprüche 1 bis 6, wobei das diagnostische Mittel gegebenenfalls zusätzlich geeignete
Mittel zum Nachweis umfasst.

8. In vitro-Verfahren zur Diagnose einer affektiven Störung oder einer Anfälligkeit für eine affektive Störung, umfassend
das Bestimmen in einer Probe, erhalten von einem Individuum, ob das in den Zellen des Individuums exprimierte
P2X7R-Protein unterexprimiert ist im Vergleich zu dem P2X7R-Proteinspiegel in einem nicht betroffenen Individuum.

9. In vitro-Verfahren zum Nachweis einer affektiven Störung oder einer Anfälligkeit für eine affektive Störung, umfas-
send das Bestimmen in einer Probe, erhalten von einem Individuum, ob die P2X7R-Gensequenz oder das davon
codierte Protein eine Mutation im Vergleich zu der Wildtyp-P2X7R-Sequenz umfasst, wobei die Mutation eine wie
in Anspruch 1 definierte Mutation ist.

10. Verfahren nach Anspruch 9, wobei das Auftreten der Mutation in dem ATP-abhängigen Ionenkanal P2X7R-Gen
durch PCR oder immunologische Verfahren nachgewiesen wird.

(fortgesetzt)

Region von P2X7R NUCLEOTID Position im Wildtyp

3’UTR C 55169

3’UTR A 55170

3’UTR A 55171

3’UTR C 55917
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11. Verwendung nach einem der Ansprüche 1 bis 7 oder Verfahren nach einem der Ansprüche 8 bis 10, wobei die
affektive Störung ausgewählt ist aus der Gruppe bestehend aus schwerer Depression, genereller Angstneurose
und manischdepressiver Erkrankung.

12. Verwendung oder Verfahren nach Anspruch 11, wobei die schwere Depression ausgewählt ist aus der Gruppe
bestehend aus schwerer Depression, Dysthymie, atypischer Depression, prämenstrueller dysphorischer Störung
und jahreszeitlich-abhängiger affektiver Störung.

13. Verwendung oder Verfahren nach Anspruch 11, wobei der generelle Angstzustand ausgewählt ist aus der Gruppe
bestehend aus Angst-Krankheit, Phobien, Agoraphobie, sozialer Phobie, spezifischer Phobie, obzessivkompulsiver
Störung, post-traumatischer Stresserkrankung, Trennungsangst, Manie, Hypomanie und cyclothymer Störung.

14. Verwendung oder Verfahren nach Anspruch 11, wobei die manisch-depressive Erkrankung vom Typ 1 oder Typ 2 ist.

15. In vitro-Verfahren zum Nachweis einer affektiven Störung eines Individuums, umfassend

(a) Gewinnen von DNA von Zellen, erhalten von einem Individuum;
(b) Bestimmen der gesamten oder eines Teils der Nucleotidzusammensetzung des P2X7R-Gens; und
(c) Analysieren der Nucleotidzusammensetzung von P2X7R auf die Anwesenheit von einem oder mehreren
Polymorphismus/Polymorphismen, einer Mutation oder allelischen Variation, wie in Anspruch 1 definiert.

16. In vitro-Verfahren zum Nachweis einer affektiven Krankheit eines Individuums, umfassend

(a) Gewinnen von RNA von Zellen, erhalten von einem Individuum;
(b) Umwandeln der RNA in cDNA;
(c) Bestimmen der gesamten oder eines Teils der Nucleotidzusammensetzung des P2X7R-Gens; und
(d) Analysieren der Nucleotidzusammensetzung von P2X7R auf die Anwesenheit einer oder mehrerer Poly-
morphismus/Polymorphismen, einer Mutation oder allelischen Variation wie in Anspruch 1 definiert.

17. In vitro-Verfahren zur Diagnose einer affektiven Störung eines Individuums, umfassend

(a) Gewinnen von RNA oder Protein von Zellen, erhalten von einem Individuum;
(b) Bestimmen des Spiegel an P2X7R-RNA oder -Protein; und
(c) Vergleichen der Spiegel von P2X7R-RNA oder -Protein mit den entsprechenden Spiegeln eines normalen
Individuums, das nicht an einer affektiven Störung leidet, wobei Unterexpression von P2X7R-RNA oder -Protein
auf eine affektive Störung hinweist.

18. Diagnostisches Mittel zur Verwendung in der Diagnose einer affektiven Störung, umfassend

(i) das wie in Anspruch 1(i)(a) oder 1(i)(c) bis 1(i)(m) definierte Nucleinsäuremolekül, das vorzugsweise von
der Maus, der Ratte oder dem Menschen stammt;
(ii) eine Nucleinsäuresequenz, die ein Polypeptid codiert, das eine Aminosäuresequenz des ATP-abhängigen
Ionenkanals P2X7R hat, wobei in dem Exon, wie in Spalte "Exon" der folgenden Tabelle A angegeben, der
Aminosäurerest, wie in der Spalte "Aminosäurerest" der Tabelle A angegeben, der der Position, wie in der
Spalte "Position im Wildtyp" der Tabelle A angegeben, der wie in SEQ ID NO: 3 oder 4 dargestellten Wildtyp-
Aminosäuresequenz des ATP-abhängigen Ionenkanals P2X7R entspricht, durch einen anderen Aminosäure-
rest ersetzt ist

Tabelle A

Exon Aminosäurerest Position im Wildtyp

Exon 3 R (Arg) 117

Exon 5 G (Gly) 150

Exon 6 E (Glu) 186

Exon 6 L (Leu) 191

Exon 13 I (Ile) 568
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(iii) ein Nucleinsäuremolekül, das mit dem wie in (i) oder (ii) definierten Nucleinsäuremolekül hybridisiert;
(iv) einen Vektor, der das Nucleinsäuremolekül von (i), (ii) oder (iii) umfasst;
(v) ein Polypeptid, das von dem wie in (ii) oder Anspruch 1(i)(d) definierten Nucleinsäuremolekül, codiert wird;
(vi) einen Antikörper, der spezifisch gegen das Polypeptid von (v) gerichtet ist, oder den wie in Anspruch 4 oder
5 definierten Antikörper;
(vii) ein Aptamer, das spezifisch das Nucleinsäuremolekül von (i), (ii) oder (iii) bindet; und/oder
(viii) einen Primer oder ein Primerpaar, der/das spezifisch das Nucleinsäuremolekül von (i), (ii) oder (iii) ampli-
fizieren kann, oder den Primer oder Primerpaar, wie in Anspruch 6 definiert.

Revendications

1. Utilisation

(i) d’une molécule d’acide nucléique comprenant une séquence d’acide nucléique choisie dans le groupe cons-
titué par :

(a) une séquence nucléotidique génomique codant pour un canal ionique ATP-dépendant P2X7R et qui
contient une mutation dans la région 5’UTR correspondant aux position 532, 1100, 1122,1171 ou 1702 de
la séquence génomique du canal ionique ATP-dépendant P2X7R de type sauvage telle que représentée
dans SEQ ID NO : 1, dans laquelle à ladite position ledit nucléotide est remplacé par un autre nucléotide ;
(b) une séquence d’acide nucléique codant pour un polypeptide qui a une séquence d’acides aminés du
canal ionique ATP-dépendant P2X7R, dans laquelle, dans l’exon tel qu’indiqué dans la colonne "Exon" du
Tableau A qui suit, le résidu d’acide aminé tel qu’indiqué dans la colonne "Résidu d’acide aminé" du Tableau
A correspondant à la position telle qu’indiquée dans la colonne "Position dans le type sauvage" du Tableau
A de la séquence d’acides aminés du canal ionique ATP-dépendant P2X7R de type sauvage telle que
représentée dans SEQ ID NO : 3 ou 4, est remplacé par une autre résidu d’acide aminé

(c) une séquence nucléotidique codant pour un canal ionique ATP-dépendant P2X7R et qui contient une
mutation dans l’exon 5 ou 8 correspondant à la position 32548 ou à la position 37633 de la séquence
nucléotidique du canal ionique ATP-dépendant P2X7R de type sauvage telle que représentée dans SEQ
ID NO : 1, dans laquelle à ladite position ledit nucléotide est remplacé par un autre nucléotide ;
(d) une séquence d’acide nucléique codant pour un polypeptide qui a une séquence d’acides aminés d’un
canal ionique ATP-dépendant P2X7R, dans laquelle les acides aminés correspondant aux positions 488
à 494 de la séquence d’acides aminés du canal ionique ATP-dépendant P2X7R de type sauvage, tel que
représenté dans SEQ ID NO : 3 ou 4, sont délétés ;
(e) une séquence nucléotidique génomique codant pour un canal ionique ATP-dépendant P2X7R, dans
laquelle, dans l’intron tel qu’indiqué dans la colonne "Intron" du Tableau B qui suit, le nucléotide tel qu’indiqué

(fortgesetzt)

Exon Aminosäurerest Position im Wildtyp

Exon 13 R (Arg) 578

Tableau A

Exon Résidu d’acide aminé Position dans le type sauvage

exon 3 R (Arg) 117

exon 5 G (Gly) 150

exon 6 E (Glu) 186

exon 6 L (Leu) 191

exon 8 R (Arg) 270

exon 13 I (Ile) 568

exon 13 R (Arg) 578
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dans la colonne "Nucléotide remplacé" du Tableau B correspondant à la position telle qu’indiquée dans la
colonne "Position dans le type sauvage" du Tableau B de la séquence nucléotidique du canal ionique ATP-
dépendant P2X7R de type sauvage telle que représentée dans SEQ ID NO . 1, est remplacé par un autre
nucléotide

(f) une séquence nucléotidique génomique codant pour un canal ionique ATP-dépendant P2X7R et qui
contient une mutation dans la région 3’UTR correspondant à la position 54925, 55169, 55170, 55171 ou
55917 de la séquence nucléotidique du canal ionique ATP-dépendant P2X7R de type sauvage telle que
représentée dans SEQ ID NO : 1, dans laquelle à ladite position ledit nucléotide est remplacé par un autre
nucléotide ;
(g) une séquence nucléotidique comprenant au moins 20 ou 21 nucléotides et comprenant les mutations
ou les délétions telles que définies dans l’un quelconque de (a) à (f) ;
(h) une séquence d’acide nucléique comprenant une séquence nucléotidique telle que représentée dans
l’une quelconque de SEQ ID NOs : 13 à 51 ;
(j) une séquence d’acide nucléique codant pour un polypeptide comprenant la séquence d’acides aminés
dans l’une quelconque de SEQ ID NOs : 5 à 12.
(k) une séquence nucléotidique qui s’hybride à une séquence nucléotidique définie dans l’un quelconque
de (a) à (g) ou à la séquence nucléotidique de (h) et ayant une mutation telle que définie dans l’un quelconque
de (a) à (f) ;
(l) une séquence d’acide nucléique dégénérée de la séquence d’acide nucléique telle que définie dans (k)
en raison du code génétique ; et
(m) une séquence nucléotidique génomique présentant un remplacement ou une délétion de nucléotide
choisie d’après le Tableau C indiquant dans la colonne "Région de P2X7R" la région de la séquence
nucléotidique génomique de P2X7R dans laquelle le remplacement ou la délétion se produit, dans la
colonne "Nucléotide" du Tableau C, le nucléotide qui est remplacé par un autre nucléotide ou les nucléotides
qui sont délétés et dans la colonne "Position dans le type sauvage" du Tableau C, la position correspondante
dans la séquence nucléotidique du canal ionique ATP-dépendant P2X7R de type sauvage telle que repré-
sentée dans SEQ ID NO : 1

Tableau B

Intron Nucléotide remplacé Position dans le type sauvage

intron 1 G 3166

intron 1 C 24778

intron 1 C 24830

intron 3 A 26308

intron 3 G 26422

intron 4 G 32394

intron 4 T 32434

intron 5 A 32783

intron 6 G 35641

intron 6 A 35725

intron 6 T 36001

intron 7 G 36378

intron 7 T 36387

intron 7 G 36398

intron 9 C 47214

intron 11 T 47563

intron 12 C 54307

intron 12 G 54308
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Tableau C

Région de P2X7R Nucléotide Position dans le type sauvage

5’UTR T 532

5’UTR A 1100

5’UTR A 1122

5’UTR C 1171

5’UTR T 1351

5’UTR G 1702

5’UTR T 1731

5’UTR C 1860

5’UTR C 2162

5’UTR C 2238

5’UTR A 2373

5’UTR G 2569

5’UTR G 2702

intron 1 G 3166

intron 1 C 24778

intron 1 C 24830

exon 2 T 24942

exon 3 C 26188

exon 3 A 26308

exon 3 G 26422

intron 4 G 32394

intron 4 T 32434

exon 5 G 32493

exon 5 G 32506

exon 5 C 32507

exon 5 C 32548

intron 5 A 32783

intron 5 T 35309

intron 5 C 35374

intron 5 A 35378

exon 6 G 35438

exon 6 T 35454

intron 6 T 35549

intron 6 G 35641

intron 6 A 35725

intron 6 T 36001

intron 6 A 36064
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(ii) d’un vecteur comprenant la molécule d’acide nucléique de (i) ;
(iii) d’un polypeptide codé par la séquence d’acide nucléique de (i) (b) ou (i) (d) ;
(iv) d’un anticorps dirigé spécifiquement contre le polypeptide de (iii) ;
(v) d’un aptamère se liant spécifiquement à la molécule d’acide nucléique de (i) ; et/ou
(vi) d’une amorce ou d’une paire d’amorces capable d’amplifier spécifiquement la molécule d’acide nucléique
de (i)

(suite)

Région de P2X7R Nucléotide Position dans le type sauvage

intron 6 délétion de GTTT 36091 à 36094

intron 6 C 36108

intron 7 C 36374

intron 7 G 36378

intron 7 T 36387

intron 7 G 36398

intron 7 C 37439

intron 7 T 37513

exon 8 C 37604

exon 8 G 37605

exon 8 G 37623

exon 8 C 37633

intron 9 C 47214

exon 11 G 47383

exon 11 C 47411

intron 11 T 47563

intron 12 C 54307

intron 12 G 54308

exon 13 C 54399

exon 13 A 54480

exon 13 C 54523

exon 13 délétion de CCCTGAGAGCCACAGGTGCCT 54562 À 54582

exon 13 A 54588

exon 13 C 54664

exon 13 G 54703

exon 13 A 54804

exon 13 G 54834

exon 13 G 54847

3’UTR G 54925

3’UTR C 55169

3’UTR A 55170

3’UTR A 55171

3’UTR C 55917
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pour la préparation d’une composition diagnostique pour la détection d’une trouble affectif.

2. Utilisation selon la revendication 1, dans laquelle ladite molécule d’acide nucléique est dérivée de la souris, du rat
ou de l’homme.

3. Utilisation selon la revendication 1 ou 2, dans laquelle ladite molécule d’acide nucléique est de l’ADN, de l’ARN, du
PNA ou des phosphorothioates.

4. Utilisation selon la revendication 1, dans laquelle ledit anticorps réagit spécifiquement avec un épitope généré et/ou
formé par la mutation dans le canal ionique ATP-dépendant P2X7R choisi dans le groupe constitué par :

(i) un épitope présenté spécifiquement par un polypeptide qui a une séquence d’acides aminés d’un canal
ionique ATP-dépendant P2X7R, dans laquelle le résidu R (Arg), G (Gly), E (Glu), L (Leu), R (Arg), I (Ile) ou R
(Arg) correspondant à la position 117, 150, 186, 191, 270, 568 ou 578 de la séquence d’acides aminés du canal
ionique ATP-dépendant P2X7R de type sauvage comme il est représenté par SEQ ID NO : 3 ou 4, est remplacé
par un autre résidu d’acide aminé ; et
(ii) un épitope présenté spécifiquement par un polypeptide qui a une séquence d’acides aminé d’un canal
ionique ATP-dépendant P2X7R, dans laquelle les acides aminés correspondant aux positions 488 à 494 de la
séquence d’acides aminés du canal ionique ATP-dépendant P2X7R de type sauvage comme il est représenté
par SEQ ID NO : 3 ou 4, sont délétés.

5. Utilisation selon la revendication 1 ou 4, dans laquelle ledit anticorps est un anticorps monoclonal.

6. Utilisation selon la revendication 1, dans laquelle ladite amorce ou paire d’amorces est choisie dans le groupe
constitué par SEQ ID NOs : 52 à 111.

7. Utilisation selon l’une quelconque des revendications 1 à 6, dans laquelle la composition diagnostique comprend
éventuellement en outre un moyen approprié de détection.

8. Procédé de diagnostic in vitro d’un trouble affectif ou d’une prédisposition à un trouble affectif comprenant l’étape
consistant à déterminer dans un échantillon obtenu d’un individu si la protéine P2X7R exprimée dans les cellules
dudit individu est sous-exprimée par comparaison au taux de la protéine P2X7R chez un individu non affecté.

9. Procédé de diagnostic in vitro d’un trouble affectif ou d’une prédisposition à un trouble affectif comprenant l’étape
consistant à déterminer dans un échantillon obtenu d’un individu si la séquence du gène de P2X7R ou la protéine
codée par celle-ci comprend une mutation par comparaison à la séquence de P2X7R de type sauvage, dans laquelle
ladite mutation est une mutation telle que définie dans la revendication 1.

10. Procédé selon la revendication 9, dans lequel l’apparition de la mutation dans le gène du canal ionique ATP-
dépendant P2X7R est déterminée par PCR ou des procédés immunologiques.

11. Utilisation selon l’une quelconque des revendications 1 à 7 ou procédé selon l’une quelconque des revendications
8 à 10, où ledit trouble affectif est choisi dans le groupe constitué par une dépression majeure, un trouble anxieux
généralisé et un trouble bipolaire.

12. Utilisation ou procédé selon la revendication 11, où ladite dépression majeure est choisie dans le groupe constitué
par une dépression majeure, une dysthymie, une dépression atypique, un trouble dysphorique prémenstruel et un
trouble affectif saisonnier.

13. Utilisation ou procédé selon la revendication 11, où ledit trouble anxieux généralisé est choisi dans le groupe
constitué par un trouble panique, des phobies, une agoraphobie, une phobie sociale, une phobie spécifique, un
trouble obsessionnel compulsif, un trouble de stress post-traumatique, un trouble anxieux de séparation, une manie,
une hypomanie et un trouble cyclothymique.

14. Utilisation ou procédé selon la revendication 11, où ledit trouble bipolaire est un trouble bipolaire de type I ou un
trouble bipolaire de type II.

15. Procédé de diagnostic in vitro d’un trouble affectif d’un individu comprenant :
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(a) l’isolement d’ADN à partir de cellules obtenues d’un individu ;
(b) la détermination de la totalité ou d’une partie de la composition nucléotidique du gène de P2X7R ; et
(c) l’analyse de ladite composition nucléotidique de P2X7R pour la présence d’un ou plusieurs polymorphismes,
d’une mutation ou d’une variation allélique comme définis dans la revendication 1.

16. Procédé de diagnostic in vitro d’un trouble affectif d’un individu comprenant :

(a) l’isolement d’ARN à partir de cellules obtenues d’un individu ;
(b) la conversion dudit ARN en ADNc ;
(c) la détermination de la totalité ou d’une partie de la composition nucléotidique du gène de P2X7R ; et
(d) l’analyse de ladite composition nucléotidique de P2X7R pour la présence d’un ou plusieurs polymorphismes,
d’une mutation ou d’une variation allélique comme définis dans la revendication 1.

17. Procédé de diagnostic in vitro d’un trouble affectif d’un individu comprenant :

(a) l’isolement d’ARN ou de protéine à partir de cellules obtenues d’un individu ;
(b) la détermination des taux d’ARN ou de protéine de P2X7R ; et
(c) la comparaison des taux d’ARN ou de protéine de P2X7R avec les taux correspondants provenant d’un
individu normal non affligé d’un trouble affectif, où la sous-expression dudit ARN ou de ladite protéine de P2X7R
est un indicateur d’un trouble affectif.

18. Composition diagnostique destinée à être utilisée dans le diagnostic d’un trouble affectif comprenant

(i) la molécule d’acide nucléique telle que définie dans la revendication 1(i)(a) ou 1(i)(c) à 1(i) (m), qui est de
préférence dérivée de la souris, du rat ou de l’homme ;
(ii) une molécule d’acide nucléique codant pour un polypeptide qui a une séquence d’acides aminés du canal
ionique ATP-dépendant P2X7R, dans laquelle, dans l’exon tel qu’indiqué dans la colonne "Exon" du Tableau
A qui suit, le résidu d’acide aminé tel qu’indiqué dans la colonne "Résidu d’acide aminé" du Tableau A corres-
pondant à la position telle qu’indiquée dans la colonne "Position dans le type sauvage" du Tableau A de la
séquence d’acides aminés du canal ionique ATP-dépendant P2X7R de type sauvage telle que représentée
par SEQ ID NO : 3 ou 4, est remplacé par une autre résidu d’acide aminé

(iii) une molécule d’acide nucléique qui s’hybride à la molécule d’acide nucléique telle que définie dans (i) ou (ii) ;
(iv) un vecteur comprenant la molécule d’acide nucléique de (i), (ii) ou (iii) ;
(v) un polypeptide codé par la molécule d’acide nucléique telle que définie dans (ii) ou dans la revendication 1
(i) (d) ;
(vi) un anticorps dirigé spécifiquement contre le polypeptide de (v) ou l’anticorps tel que défini dans la reven-
dication 4 ou 5 ;
(vii) un aptamère se liant spécifiquement à la molécule d’acide nucléique de (i), (ii) ou (iii) ; et/ou
(viii) une amorce ou une paire d’amorces capable d’amplifier spécifiquement la molécule d’acide nucléique de
(i), (ii) ou (iii) ou l’amorce ou la paire d’amorces comme il est défini dans la revendication 6.

Tableau A

Exon Résidu d’acide aminé Position dans le type sauvage

exon 3 R (Arg) 117

exon 5 G (Gly) 150

exon 6 E (Glu) 186

exon 6 L (Leu) 191

exon 13 I (Ile) 568

exon 13 R (Arg) 578
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